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Background. Multiple myeloma (MM) is the second most common hematologic 
malignancy after lymphomas In Finland: the annual incidence of MM is approximately 
200. For three decades the median survival remained at 3 to 4 years from diagnosis 
until high-dose melphalan treatment supported by autologous stem cell transplantation 
(ASCT) became the standard of care for newly diagnosed MM since the mid 1990’s 
and the median survival increased to 5 – 6 years. This study focuses on three 
important aspects of ASCT, namely 1) stem cell mobilization, 2) single vs. double 
ASCT as initial treatment, and 3) the role of minimal residual disease (MRD) for long-
term outcome. 
Aim. The aim of this series of studies was to evaluate the outcomes of MM patients 
and the ASCT procedure at the Turku University Central Hospital, Finland. First, we 
tried to identify which factors predict unsuccessful mobilization of autologous stem cells. 
Second, we compared the use of short-acting granulocyte-colony stimulating factor (G-
CSF) with long-acting G-CSF as mobilization agents. Third, one and two successive 
ASCTs were compared in 100 patients with MM. Fourth, for patients in complete 
response (CR) after stem cell transplantation (SCT), patient-specific probes for 
quantitative allele-specific oligonucleotide polymerase-chain reaction (qASO-PCR) 
measurements were designed to evaluate MRD and its importance for long-term 
outcome. 
Results. The quantity of previous chemotherapy and previous interferon use were 
significant pre-mobilization factors that predicted mobilization failure, together with 
some factors related to mobilization therapy itself, such as duration and degree of 
cytopenias and occurrence of sepsis. Short-acting and long-acting G-CSF combined 
with chemotherapy were comparable as stem cells mobilizers. The progression free 
(PFS) and overall survival (OS) tended to be longer after double ASCT than after 
single ASCT with a median follow-up time of 4 years, but this difference disappeared 
as the follow-up time increased. qASO-PCR was a good and sensitive divider of the 
CR patients into two prognostic groups: MRD low/negative (≤ 0.01%) and MRD high 
(>0.01%) groups with a significant difference in PFS and suggestively also in OS. 
Conclusions. When the factors prediciting a poor outcome of stem cell mobilization 
prevail, it is possible to identify those patients who need specific efforts to maximize 
the mobilization efficacy. Long-acting pegfilgrastim is a practical and effective 
alternative to short-acting filgrastim for mobilization therapy. There is no need to 
perform double ASCT on all eligible patients. MRD assessment with qASO-PCR is a 
sensitive method for evaluation of the depth of the CR response and can be used to 
predict long-term outcome after ACST.  
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Tausta. Multippeli myelooma (MM) on pahanlaatuinen veritauti. Lähes 30 vuoden ajan 
MM:n ennuste pysyi samana eli odotettavissa oleva elinaika diagnoosista lukien 3-4 
vuotena, kunnes 1990-luvun puolivälistä lähtien käyttöön tullut suuriannoksinen hoito 
omien kantasolujen siirron tukemana pidensi sen 5-6 vuoteen. Autologinen kanta-
solujen siirto (ASCT) korkea-annoshoitoon yhdistettynä onkin uuden MM potilaan standardi 
hoito. ASCT:n edellytys on, että riittävä määrä kantasoluja saadaan kerätyksi. Kantasolut 
kerätään verestä mobilisaatiohoidon jälkeen. Keruu ei aina onnistu. Itse kantasolujensiirron 
toteutuksessa on avoin kysymys, voidaanko kahdella peräkkäisellä ASCT:lla parantaa 
hoitotuloksia yhteen siirtoon verrattuna. MM:n hoidon nykytavoitteena on täydellinen 
hoitovaste ja jäännöstaudin määrällä voi olla merkitystä pitkäaikaistuloksille.  
 
Tavoitteet. Tämä tutkimuskokonaisuus koostuu neljästä osatyöstä, joissa selvitettiin 
TYKS:ssa ASCT:lla hoidettujen MM potilaiden hoitotuloksia. Tutkimus keskittyy 
kolmeen aihepiiriin: 1) mobilisaatiohoitoon, ja sen kahteen erityiskysymykseen: mitkä 
tekijät ennustavat kantasolujen mobilisaation epäonnistumista ja ovatko pitkä- ja 
lyhytvaikutteinen valkosolukasvutekijä vertailukelpoisia mobilisaatiossa, 2) yhden ja 
kahden peräkkäisen ASCT:n hoitotulosten vertailuun sekä 3) täydellisen hoitovasteen 
saaneiden potilaiden vasteen laadun ja sen merkityksen selvittelyyn tutkimalla 
jäännöstautia herkällä potilaskohtaisella PCR-menetelmällä. 
Tulokset. Kantasolujen mobilisaation epäonnistumista ennakoiviksi tekijöiksi 
osoittautuivat aiemmin saadun solunsalpaajahoidon määrä, aiempi interferonihoito 
sekä mobilisaatiohoitoon liittyvät sytopeniat, niiden kesto ja sepsis (osajulkaisu I). 
Kasvutekijän vertailussa pitkävaikutteinen pegfilgrastiimi ja lyhytvaikutteinen filgrastiimi 
olivat yhtä tehokkaita kantasolujen mobilisoinnissa (osajulkaisu II). Kaksi peräkkäistä 
ASCT:a johtivat neljän vuoden seurannassa parempiin pitkäaikaistuloksiin kuin yksi 
ASCT (osajulkaisu III), mutta pidennetyssä seurannassa erot hävisivät. Herkkä 
potilaskohtainen PCR-menetelmä osoitti, että molekulaarinen hoitovaste on yleisempi 
allogeenisen kuin autologisen kantasolusiirron jälkeen. Niillä, joilla jäännöstauti hävisi 
tai sitä oli vain vähän (≤ 0.01%), tauditon aika ja kokonaiselinaika olivat merkittävästi 
pidemmät kuin niillä, joilla oli enemmän jäännöstautia (>0.01%). 
Johtopäätökset. Kantasolujen mobilisaation epäonnistumista ennakoivat tekijät 
auttavat tunnistamaan ne potilaat, jotka vaativat erityistoimia mobilisaation 
onnistumiseksi. Pegfilgrastiimi on käyttökelpoinen ja kätevä kasvutekijä kantasolujen 
mobilisaatiossa. Koska yhden ja kahden peräkkäisen kantasolusiirron tulokset eivät 
pitkässä seurannassa merkittävästi eroa, kahta peräkkäistä ASCT:ta ei ole syytä 
käyttää kaikille potilaille. Molekulaarinen remissio johtaa parempiin pitkäaikaistuloksiin 
kuin jäännöstautinen remissio ja on looginen hoidon tavoite. Sen arvioimiseen on 
tarjolla herkkä kvantitatiivinen, potilaskohtainen PCR-menetelmä. 
Avainsanat: Autologinen kantasolujen siirto, mobilisaatio, jäännöstauti, PCR 
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Multiple myeloma (MM) is a malignant plasma cell disease. The cardinal presenting 
symptoms of MM are anemia, renal failure, hypercalcemia and painful bone disease. In 
the late 1950’s the first effective drug, melphalan was introduced (Bergsagel et al. 
1962) and later in the 1960´s it was combined with prednisone (MP; Alexanian et al. 
1972). The prognosis of MM was, however, dismal: the median survival was 3 to 4 
years and there were no improvements in survival during the next three decades in 
spite of numerous chemotherapeutic treatment attempts – there were no winners over 
and above the classical MP combination (Myeloma Trialists’ Collaborative Group 1998). 
In the early 1980’s the efficacy of high-dose melphalan was demonstrated (McElwain 
and Powles 1983) and this was the basis for the increasing use of high-dose 
melphalan therapy for MM. Since the mid 1990’s the use of high-dose melphalan 
(HDM) followed by infusion of autologous stem cells, i.e. autologous stem cell 
transplantation (ASCT), has become the standard of care for patients with newly 
diagnosed MM and this treatment modality has prolonged the median survival of 
patients with MM to 5 – 6 years (Cunningham et al. 1994, Attal et al. 1996, Palumbo et 
al. 1999, Lenhoff et al. 2000, Barlogie et al. 2007).  
The prerequisite for ASCT is successful collection of autologous stem cells. For this 
purpose, the stem cells must be mobilized from bone marrow into the circulating blood. 
Then they can be collected by cytapheresis in an amount sufficient for repopulation of 
the bone marrow which has suffered from myeloablative HDM treatment. During the 
early years of ASCT the sufficient amount of stem cells (or CD34+ cells which reflect 
the population of stem cells plus progenitor cells) needed to allow regeneration of bone 
marrow cell lineages was found to be 2.5-4.0 x 10
6
/kg (Gandhi et al. 1999, Fu and 
Liesveld, 2000). Successful CD34+ cell harvesting can be predicted from the 
concentration of CD34+ cells in blood mobilized with chemotherapy in combination with 
granulocyte colony-stimulating factor (G-CSF) or G-CSF alone (Haas et al. 1994, 
Remes et al. 1997). There are, however, patients for whom mobilization fails and 
ASCT cannot be used for these patients, which leaves out an effective treatment 
option. Some predictive factors for mobilization failure have been identified but failure 
or success of mobilization cannot be foreseen.  
One single HDM followed by ASCT is the standard of care for a newly diagnosed 
patient with MM. The next logical step was that, in chemosensitive disease, the more is 
better, i.e. two sequential HDM’s could be more effective than one. This has been 
studied but results have been conflicting and the question remains if double ASCT is 
better than single ASCT or not.  
Complete response (CR) and preferably high quality CR to initial therapy is an absolute 
prerequisite for cure of acute leukemias. Thus, patients who attain a complete 
molecular response do better in terms of relapse risk. Recent progress in the treatment 
of MM has introduced treatment modalities, such as allogeneic and autologous SCT 
and novel drugs, which produce CR much more often than before. In analogy with 
acute leukemias, there are studies suggesting, but not proving, that the depth of CR is 
decisive for long-term outcome: patients without minimal residual disease (MRD) do 
better in long-term than patients with MRD (Corradini et al. 2003, Bakkus et al. 2004, 
Rasmussen et al. 2004). This statement needs to be confirmed by future studies. 
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This series of studies is focused on three important issues in the field of MM treatment 
with ASCT: stem cell mobilization, double versus single ASCT and the importance of 
MRD after stem cell transplantation. The study cohort consisted of patients with newly 
diagnosed MM treated at the Univeristy Central Hospital of Turku. First, we examined 
factors which predicted stem cell mobilization failure and compared long-acting G-CSF 
with short-acting G-CSF as a mobilizing agent. Secondly, we compared the clinical 
outcomes between the double and single ASCT. Thirdly, we studied the MRD status of 
MM patients after autologous or allogeneic SCT and the impact of MRD on long-term 
outcome. 
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2. REVIEW OF THE LITERATURE 
2.1 Epidemiology and incidence of multiple myeloma  
MM has probably existed among the human diseases for thousands of years. In 1844 
Solly described the first well-documented case: A 39-year old woman had fatigue and 
bone pain caused by multiple fractures (Solly 1844). 
MM is nowadays the second most common hematologic malignancy and the most 
common plasma cell neoplasm. Plasma cell disorders are characterized by secretion 
of monoclonal proteins or immunoglobulins (M protein or paraprotein) by the malignant 
plasma cells into the blood and/or urine. MM accounts for approximately 1% of all 
cancers and for 10 – 15 % of all malignant hematologic diseases. It has an annual 
incidence of 4 – 5 per 100 000 (Turesson et al. 1984, Phekoo et al. 2004). MM is 
slightly more common in males than females and twice as common in blacks than 
whites.  
MM evolves from an asymptomatic premalignant stage of clonal plasma cell 
proliferation termed monoclonal gammopathy of undetermined significance (MGUS; 
Landgren 2009). MGUS is present in more than 3% of the population above the age of 
50 and progresses to myeloma at a rate of 1% per year (Kyle et al. 2003b, Landgren 
2009). 
An increased incidence of MM has been associated with chronic antigenic stimulation 
by infection or other disease and exposure to specific toxic substances or radiation, but 
most patients have no identifiable cause (McKenna et al. 2008). The role of genetic 
background or environment are unknown, although there is evidence for some 
clustering within families. The risk of MM is 3.7 fold for individuals who have a first 
degree relative with MM (McKenna et al. 2008). 
The median age of the patients at presentation of MM is about 70 years worldwide and 
72 in Europe (Ludvig et al. 1982). At diagnosis, approximately 15% of the patients are 
aged under 60 years and fewer than 2% of patients are under 40 years and 15% of 
patients are aged between 60 and 65 years old. The annual incidence of MM in 
Finland is about 200. In 2004 – 2008 20% of the patients were under 60 years and 
40% were over 70 years of age at the time of diagnosis (www.cancerregistry.fi). 
2.2 Pathophysiology 
The basic understanding of the pathophysiology of MM has increased substantially 
during the last decade, but it is still insufficient and at present only fragments of it are 
known. There may be several molecular and pathopysiological events leading to the 
MM phenotype.  
The first sign in the development of MM is the appearance of a limited number of clonal 
plasma cells, clinically known as MGUS. When MGUS progresses to MM, complex 
genetic events occur in the neoplastic plasma cells. The bone marrow 
Review of the Literature 14 
microenvironment plays an essential role in disease maintenance and progression. 
Interactions with other cells and the extracellular matrix (fibrous proteins, 
proteoglycans, glycosaminoglycans and small integrin-binding ligands) within the bone 
marrow (BM) environment are key elements for MM pathogenesis, MM cell growth, 
survival, migration and drug resistance (Raab et al. 2009, Balakumaran et al. 2010). 
Cytokines and growth factors are produced and secreted by MM and other cells within 
the liquid compartment of marrow and regulated both by autocrine as well as paracrine 
loops and cell-to-cell adhesion (Rajkumar et al. 2002, Roodman 2002).  
Plasma cell neoplasms can be distinguished by an idiotypic rearrangement of the 
immunoglobulin (Ig) gene. That occurs prior to the malignant transformation of a 
plasma cell precursor. The size of the developing clone must increase up to 5 x 10
9
 
cells before a monoclonal spike can be recognized in the serum electrophoresis 
pattern (Katzmann et al, 2010). 
The molecular basis of MM is still elusive despite the increased understanding of 
biology in this disease. The target cell for transformation has supposed to be a more 
immature B cell than plasma cell (Bakkus et al. 1995). The initial transformation is 
postulated to occur in postgerminal center B-lineage cell which is carrying a 
somatically hypermutated immunoglobulin heavy -chain (IgH) gene. This plasmablastic 
precursor cell colonises the BM, propagates clonally and differentiates into a slowly 
proliferating MM cell population. This all happens under the influence of specific cell 
adhesion molecules and cytokines. The essential element of MM cell growth is the 
production of interleukin-6 (IL-6) by stromal cells, osteoblasts and neoplastic cells 
(Kastrinakis et al. 2000). Binding of the cytokine to its receptor triggers MM cell 
immortalisation and/or proliferation through utilisation of the Jak-Stat and ras signal 
transduction pathways (Hawley and Berger 1998, Mitsiades et al. 2007). 
2.2.1 Cytogenetics and gene expression  
Genetic events appear to play the key role in initiation and progression of MM. Many 
studies, in which karyotyping has been performed, have shown the prognostic value of 
cytogenetic abnormalities (Rajkumar et al. 1997, Ross et al. 2005). Cytogenetic 
abnormalities are propably present in most, if not all patients with MM if sufficiently 
sensitive techniques are used, e.g. interphase fluorescent in-situ hybridisation (FISH; 
Fonseca et al. 2006).  
Complex cytogenetic abnormalities are common in MM. Numeric abnormalities occur 
in the genes in both a non-hyperdiploid (about half of the cases) and a hyperdiploid 
(another half of the cases) pattern. Hyperdiploid abnormalities are caused by multiple 
trisomias, mainly in the odd numbered chromosomes 3,5,7,9,11,15,19,21, and are 
associated with more favourable outcome (Fonseca et al. 2004 and 2009, Dewald et al. 
2005). On the contrary, non-hyperdiploid abnormalities are associated with shortened 
survival due to high-risk translocations, partial or complete loss of chromosome 13, 
and partial loss of chromosome 17 (Raab et al. 2009). About half of the patients have 
translocations that involve the IgH locus on chromosome 14q32 and one of five partner 
chromosomes: 11q13 (the most common), 6p21, 16q23, 4p16, and 20 q11 (Kuehl and 
Bergsagel 2002, Seidl et al. 2003). The respective oncogens juxtaposed to IgH locus 
are CCND1 (cyclin D1), CCND3 (cyclin D3), MAF, FGFR/MMSET, and MAFB. These 
five oncogenes are found in 40% of non-hyperdiploid MM. In all, the most common 
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cytogenetic changes are chromosome 13 deletion (30-55 % of MM patients), deletion 
17p13.1 (10%), t (11;14) (q13;q32) (15-20%), t (4;14) (p16.3; q32) (15%) and t(14;16) 
(q32;q23) (5%) (Fonseca et al. 2004). Translocations (11;14) and (6;14) are associated 
with a better outcome (Fonseca et al. 2004, Dewald et al. 2005).  
Gene expression profiling can determine the expression levels of cyclin D1, D2 and D3. 
Using patterns of translocation and cyclin D expression MM can be classified into eight 
groups that are based on initiating or early pathogenic events. These different groups 
may represent distinct MM entities and probably require different therapeutic 
approaches (Bergsagel et al. 2005).  
From the clinical point of view, it has become apparent that hypodiploidy is a major 
adverse prognostic factor (Debes-Marun et al. 2003). Similarly, certain recurrent 
cytogenetic abnormalities define a poor prognosis after SCT, including t(4;14), t(14:16), 
del 13, del 17p-, and abnormalities of chromosome 1 (1 q+ and 1 p-). However, 
patients with an isolated del 13 detected in FISH seem not to have a less favourable 
outcome unless the deletion is found also in normal karyotype analysis. This is 
because the poor prognosis of del 13 detected by FISH appears to be almost fully 
related to the coexisting IgH translocations such as t(4;14) (Rajkumar et al. 2007a). 
2.3 Clinical presentation 
The clinical presentation of MM is varying. The most common presenting symptoms 
are bone pain, fatigue and recurrent or persistent infections (Kyle et al. 2003a). Nearly 
half of the patients have bone pain at presentation. Bone pain is typically persistent, 
unexplicable backache. There can also be symptoms that suggest compression of the 
spinal cord or nerve root. The clinical presentation often includes medical emergencies, 
such as hypercalcemia, hyperviscosity and renal failure which are cardinal features in 
MM. Fatigue can be caused by anemia, which is typically normochromic and 
normocytic. Leukopenia and thrombocytopenia are less common presenting findings 
(Smith et al. 2005). 
2.4 Diagnosis 
The diagnosis of MM is usually confirmed by demonstration of a monoclonal protein 
(M-protein/paraprotein) in serum or urine and/or lytic lesions on X-ray together with an 
increased number of plasma cells in the bone marrow (Greipp 1992). 
When MM is suspected, electrophoresis of serum and urine should be performed, 
followed by immunofixation to confirm and type any monoclonal protein present. 
Quantification of M-protein should be performed by densitometry of the monoclonal 
peak on electrophoresis. The serum free light chain(FLC) levels in combination with 
serum protein electrophoresis and immunofixation (IFE) yields high sensitivity and has 
major prognostic value in virtually all plasma cell disorders (Smith et al. 2005, 
Dispenzieri et al. 2010).  The FLC assay is useful for monitoring many patients with 
oligosecretory and nonsecretory myeloma (Drayson et al. 2001, Dispenzieri et al. 
2010). In theory, multiple myeloma can produce all classes of immunoglobulin, but IgG 
paraproteins are most common (53 % of MM), followed by IgA (25 %), light chain  (κ- 
or λ-light chain, 20 %), IgD (1%) and non-secretory MM (1%). 
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BM aspirate is sufficient to confirm diagnosis when it shows an infiltration of more 
than10% plasma cells. However, BM trephine biopsy is often recommended as a 
baseline study against which treatment response is evaluated if aspiration yielded a 
poor specimen (Smith et al. 2005). Flow cytometry of BM aspiration allows the 
assessment of plasma cell phenotype, confirms clonality and permits determination of 
the proportion of plasma cells in cell cycle. For predictive purposes molecular genetic 
studies of plasma cells in bone marrow are to be recommended (see above). 
Cytogenetic changes can be utilised together with plasma cell immunophenotype to 
assess the presence of MRD if needed later. 
Various imaging technologies have been used for diagnosis and response evaluation 
of MM patients. Conventional radiography still remains the gold standard of the staging 
procedure of newly diagnosed and relapsed MM patients (Dimopoulos et al. 2009a) 
and should be performed in all patients (Smith et al. 2005). Computed tomography and 
magnetic resonance imaging (MRI) scanning can be helpful in particular circumstances. 
It is worth noting that for routine diagnostics, treatment and follow-up of MM 
patients, less investigations are mandatory than in clinical research. Thus, the correct 
diagnosis can be done without bone marrow biopsy, flow cytometry, cytogenetics or 
molecular genetic studies, imaging studies, e.g., computed tomography, magnetic 
resonance imaging, and positron emission tomography and light chain 
assays. However, in special clinical circumstances these tests may be helpful also 
outside clinical trials. 
The differential diagnosis of MM includes MGUS, smoldering MM, primary amyloidosis, 
solitary plasmacytoma, low-grade lymphoma, chronic lymphocytic leukemia, B-cell 
non-Hodgkin lymphoma (including Waldenström macroglobulinemia) and metastatic 
carcinoma (Kyle and Rajkumar 2004, Smith et al. 2005). Because of the frequent use 
of serum protein electrophoresis and quite high prevalence of MGUS  (3% in those 
over 70 years old), it is important to distinguish MGUS from MM. The distinction 
between symptomatic and asymptomatic myeloma depends on the presence or 
absence of the CRAB signs (Table 1 and 2). 
Table 1. Diagnostic criteria for MGUS, asymptomatic MM and symptomatic MM (according to 
the international Myeloma Working Group; Kyle et al. 2010). All criteria must be fulfilled. 
 MGUS Asymptomatic MM Symptomatic MM 
M-protein in serum(g/l) <30 >30 yes (and/or urine) 
regardless of amount 
Bone marrow clonal plasma cell  <10% >10  yes or biopsy proven 
plasmacytoma 
Myeloma-related organ or tissue 
impairment (including bone 
lesions) or symptoms 
no+ 
a
 no yes (see Table 2.) 
a 
MGUS demands that there is no evidence of other B-cell proliferative disorders or light –chain 
associated amyloidosis or other light- or heavy-chain or immunoglobulin-associated tissue 
damage. 
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Table 2. Myeloma-related organ or tissue impairment (CRAB; according to the international 
Myeloma Working Group; Kyle et al. 2010). At leats one criterion must be fulfilled at the 
diagnosis of MM. 
(C) Increased calcium levels  
(R) Renal insufficiency 
(A) Anaemia 
(B) Lytic lesions or osteoporosis with compression fractures (or other symptoms of MM, like 
symptomatic hypervicosity, amyloidosis, recurrent bacterial infections). 
2.4.1 Immunophenotype of multiple myeloma  
According to many studies flow cytometry yields better clinical sensitivity for analyzing 
the malignant plasma cells when compared to conventional morphology. 
Immunophenotyping of plasma cells is recommended for identification of aberrant 
phenotypes in clonal plasma cells at diagnosis; this information could be used later for 
monitoring of treatment response and for evaluating MRD. Clonality must be assessed 
by demonstration of cytoplasmic κ / λ expression. According to the European Myeloma 
Network recommendation for the diagnosis of MM, MGUS and reactive conditions by 
flow cytometry antigens, such as CD19, CD56, CD117, CD20, CD28, CD27, CD81 
and ,CD200, must be used (Rawstron et al. 2008; Table 3). In addition, antigens, such 
as CD45, CD56, CD117 and CD28, have been identified as prognostic markers for MM 
(Rawstron et al. 2008).Table 3. Most useful antigens for detection of aberrant plasma 
cells in MM (Rawstron et al. 2008). 
Table 3. 
Antigen Normal expression 












CD19 Positive (>70%) Negative 95% Essential 
CD56 Negative (<15%) Strongly 
positive 
75% Essential 
CD117 Negative (0%) Positive 30% Recommended 
CD20 Negative (0%) Positive 30% Recommended 










CD81 Positive (100%) Weak or 
negative 
Not published Suggested 
CD200 Weakly positive Strongly 
positive 
Not published Suggested 
 
In MM, the plasma cells express phenotypically monotypic cytoplasmic Ig and lack 
surface Ig. They express normally CD79a, CD38c, CD 138 and strongly CD38. In 
contrast to normal plasma cells they are usually CD19 and CD27 negative and CD56 
and CD138 positive. In 60 – 70% of cases CD56 is aberrantly expressed. CD117, 
CD20, CD52, CD28 and CD10 can also be identified in MM plasma cells, in decreasing 
order of frequency (McKenna et al. 2008). Overproduction of interleukin-6, a plasma 
cell growth factor, tumor necrosis factor and interleukin-1 is common. Deletions of p53, 
a tumor-suppressor gene, have also been reported in myeloma patients. (Bataille et al. 
1995) 
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2.5 Bone disease  
Up to 90% of MM patients develop osteolytic lesions during the course of their disease 
(Terpos and Dimopolous 2005). These lesions occur predominantly in the axial 
skeleton, including skull, spine, rib cage, pelvis and the proximal parts of the arms and 
legs (Kyle et al. 2003b).  
 At diagnosis about 10% of patients have diffuse osteopenia or osteoporosis (Callander 
and Roodman 2001). Recently, the impact of bone resorption has been confirmed as 
an independent risk factor for overall survival (OS) for patients with active MM (Jakob 
et al. 2008). Progression of skeletal disease is often not affected by chemotherapy 
even in responding patients (Raje and Anderson 2001). Bone destruction represents a 
major cause of morbidity and mortality (Dimopoulos et al. 2009) and skeletal events 
decrease the patient’s quality of life and increase treatment costs (Bruce et al. 1999). 
The mechanisms of bone destruction are related to increased osteoclastic bone 
resorption, which is accompanied by an exhausted osteoblast function and reduced 
bone formation which lead to the development of lytic lesions (Terpos and Dimopolous 
2005, Giuliani et al. 2006).  
The development of bone lesions is thought to be related to an increase in the 
expression by osteoblasts of the receptor activator of nuclear factor Кß ligand (RANKL) 
and a reduction in the level of its decoy receptor, osteoprotegerin (Roodman 2002). 
The increase in the ratio of RANKL to osteoprotegerin results in the activation of 
osteoclasts and bone resorption. Overexpression of RANKL is probably mediated in 
part by the release of macrophage inflammatory protein 1α by neoplastic plasma cells 
(Abe et al. 2002). Suppression of osteoblast precursor differentiation and induction of 
apoptosis in mature osteoblasts result in decreased bone formation. Overproduction of 
cytokines with osteoclast activation results from interaction between myeloma cells and 
bone marrow stromal cells. Increased production of molecules, such as dickkopf-1 and 
secreted frizzled-related protein 2 are responsible for osteoblast dysfunction (Silvestris 
et al. 2004).  
It has been found in many studies that bisphosphonates prevent, reduce and delay 
MM-related skeletal complications (Terpos et al. 2000, Rosen et al. 2002). Intravenous 
pamidronate and zoledronic acid and oral clodronate have been shown to be useful 
bisphosphonates for the management of MM (Lahtinen et al. 1992, Berenson et al. 
1998, Rosen et al. 2003). Recently, the Nordic Myeloma Study Groupit has been 
shown that skeletal events are prevented equally well with a of low dose 30 mg of 
pamidronate as by 90 mg (Gimsing et al. 2010). In the British Myeloma IX Study 
showed a survival benefit of 5.5 months with zoledronate treatment compared to 
clodronate (Morgan et al. 2010). According to the recommendations of an expert panel 
on behalf of the European Myeloma Network, bisphosphonates should be used for the 
treatment of MM patients with lytic bone disease or severe osteoporosis and given for 
2 years or even longer if there is evidence of active bone disease (Terpos et al. 2009). 
2.6 Predictive factors and prognosis   
Patients with newly diagnosed MM need to be staged according to Durie and Salmon, 
which has been the classical prognostic model (Durie and Salmon. 1975; Table 4). The 
model is based on the analysis of 71 patients and has been the golden standard for the 
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last quarter of century. The expected survival among Finnish MM patients is 68, 58 and 
34 months for Durie-Salmon stages I, II and III, respectively (Oivanen et al. 1999). 
Table 4. Durie-Salmon Staging System 
Stage 
I Blood hemoglobin >100 g/l 
Serum calcium < 3 mmol/l 
Skeletal radiography normal (scale 0) or solitary bone plasmacytoma only 
Low M-component production rate: IgG <50 g/l, IgA < 30 g/l  
Light chain in urine < 4 g/l 
II Neither stage I or stage III 
III One or more of the following:  
Blood hemoglobin < 85 g/l 
Serum calcium > 3 mmol/l 
Advanced lytic bone lesions (scale 3) 
High M-component in serum or urine: IgG > 70 g/l, IgA > 50 g/l, light chain excretion to 
urine > 12g/d  
Durie-Salmon subclassification:  
A: Normal renal function or slight azotemia (serum creatinine concentration < 180 mol/l) 
B: Abnormal renal function (serum creatinine concentration ≥180 mol/l) 
There have been many attempts to construct new prognostic models. In 2003, an 
International Staging System (ISS) was presented, based on the serum level of ß2-
microglobulin and albumin. The ISS separated the patients into three prognostic 
groups (Greipp et al. 2003; Table 5). Patients with elevated ß2-microglobulin have a 
much shorter survival irrespective of treatment modality, age or geographic location. 
There are, however, some drawbacks in the ISS. It cannot be used before the diagnosis 
of MM has been made and has thus no role in MGUS. The ISS does not identify adverse 
prognostic groups at sufficiently high risk to warrant a different therapeutic approach. 
Stage III is a composite group comprising patients with an elevated concentration of ß2-
microglobulin, but this is due to tumor burden as well as to renal failure. A stronger risk-
stratification model is still needed (Rajkumar and Greipp, 1999). 
Table 5. ISS staging system (Greipp et al. 2003). 






I <3.5 >35 62 
II <3.5 or 3.5-5.5 < 35  44 
III >5.5   29 
 
The natural history of MM is very variable with survival times ranging from a few weeks 
to over 20 years (Smith et al. 2005). The median survival once a diagnosis of MM has 
been made has until recently been approximately 3 to 4 years. 
Cytogenetic abnormalities are strong prognostic factors. Genetic markers have also 
been examined to determine prognosis (Shaughnessy et al. 2007). There are several 
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genetic categories defining subsets of the disease with dissimilar outcomes, pathologic 
features and treatment responses (Fonseca et al. 2003, Avet-Loiseau et al. 2007). 
During the recent decade new markers of an adverse prognosis have been identified, 
e.g., complete deletion of chromosome 13 or its long arm, non-hyperdiploidy,  t(4;14) 
or t(14;16) translocation, deletion of 17p/TP53 sequences and increased density of 
bone marrow microvessels. These novel markers complement established markers of 
adverse outcome, including an increase in PC labelling index, increased level of serum 
ß2-microglobulin, low level of serum albumin, plasmablastic features in bone marrow 
aspiration and circulating plasma cells (Bataille et al. 1992, Greipp et al. 1993, 
Rajkumar and Kyle 1999, Jacobson et al. 2003, Kyle and Rajkumar 2004). A new 
finding is that patients with a normalized FLC ratio during treatment have a better OS 
than patients with a pathological FLC ratio which is especially noteworthy in patients 
who are IFE negative (Kumar et al. 2008). 
2.7 Response criteria  
Over the years, several response criteria for MM have been developed. The most 
recent commonly used response criteria have been developed by The European 
Group for Blood and Bone Marrow Transplantation (EBMT; Blade et al. 1998) and the 
International Myeloma Working Group (IMWG; Durie at al. 2006; Table 6). 
Table 6. Response criteria to treatment of MM according to the European Group for Blood and 
Bone Marrow Transplantation and the International Myeloma Working Group  
Complete response (CR) - negative IFE in serum and urine (follow-up min 6 weeks) 
- < 5% plasma cells in bone marrow - 
- disappearance of any soft-tissue plasmacytomas  
- no increase in lytic bone lesions 
Stringent CR - all above + normal serum FLC and ratio 
Near to CR (nCR) - otherwise similar to CR, but serum and urine M-
component detectable by IFE 
Very good partial response (VGPR) - ≥ 90% reduction in serum M-component and urine M-
component < 100mg/ 24h  
Partial response (PR) - ≥ 50% reduction in serum M-component and  
- ≥ 90% reduction in urine M-component / 24 hours or < 
200mg (follow-up min 6 weeks) 
Stable disease (SD) - not meeting criteria for CR, VGPR, PR or PD 
Progressive disease (PD) - ≥ 25% increase in serum M-component, at least 5 g/l, or 
in daily urine M-component 
- bone marrow plasma-cell percentage increase at least 10% 
- increase of lytic bone lesions or plasmacytomas  
- hypercalcemia 
2.8 Treatment of multiple myeloma 
If symptomatic MM is left untreated, the median OS is less than one year. However, 
there is no evidence that early treatment of asymptomatic MM is beneficial (Hjort et al. 
1993, Grinani et al. 1996, Riccardi et al. 2000). The median time from diagnosis to 
symptomatic disease is 2 – 3 years. In the 1960`s, alkylating agents and 
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glucocorticosteroids offered the first effective treatment of the disease. For the three 
next decades melphalan and predisone (MP) remained the standard therapy for newly 
diagnosed, symptomatic MM. This palliation induced a median of 18 months of tumor 
regression and a median life expectancy of about 3 years (Bensinger 2008, Kumar et 
al. 2008). Many other drug combinations have been tried, including combination of 
alkylating agents, vincristine and antracyclines, without any consistent survival gain 
over MP (Myeloma Trialists` Collaborative Group 1998). With the introduction of HDM 
supported by ASCT a survival gain of a median of one year was attained (Attal et al. 
1996, Child et al. 2003).  
The treatment of MM has changed dramatically during the last ten years because of 
indroduction of the novel drugs, including thalidomide, bortezomib, and lenalidomide. 
Use of these drugs has resulted in impressive improvements over the historical 
response rates to conventional chemotherapy. CR rates up to 40 % have been 
obtained with novel therapies alone or in combinations in first-line therapy of MM 
(Kumar et al. 2008, Durie 2010). Next few years will show if optimal use of novel 
therapies, instead of the current ASCT, will be the new standard of therapy for MM. 
2.8.1 Primary therapy 
2.8.1.1 Drug therapy 
2.8.1.1.1 First-line treatment of patients eligible and ineligible for transplantation  
Induction therapy is essential to improve the patient’s performance status and to 
stabilize organ functions before stem cell collection and ASCT. Before the era of novel 
drugs, either dexamethasone alone or vincristine-doxorubicine (Adriamycin
®
)-
dexamethasone (VAD) was the most common induction therapy for patients eligible for 
high-dose treatment (HDT; Kumar et al. 2004). The CR rate before transplantation was 
only less than 5 – 10 %. An important observation was that drugs toxic to stem cells 
which may compromise stem cell mobilization, such as melphalan, must be avoided as 
first-line therapy.  
Introduction of novel drugs to the first-line treatment menu has changed this scenario. 
The primary target of the novel drugs in this context is to increase the CR rate before 
ASCT and, indeed, the CR rate has increased to 40 % – a figure similar to what is 
usually observed after ASCT following conventional induction regimens. The increased 
CR rate obtained before ASCT translates to increased post-transplant CR rates, as 
well. Importantly also, the novel drugs, when administered to patients with adverse risk 
factors, e.g., deletion 13 or translocation t(4;14) or t(14;16), may overcome the poor 
prognosis of these patients (Lonial 2010).  
Patients aged over 65-70 years of age are usually considered transplant ineligible, 
mostly due to comorbidities and poor performance capacity. Until recently their 
standard treatment has been MP. In two recent randomized trials the superiority of MP 
plus thalidomide (MPT) over MP in elderly patients has been shown in terms of 
response rate, PFS and OS (Palumbo et al. 2006, Facon et al. 2007). Based on these 
results the European Medicines Agency (EMEA) approved use of MPT as frontline 
therapy for elderly patients. In a large randomized Nordic study between MPT and MP 
plus placebo a significant response rate by addition of thalidomide to standard MP in 
previously untreated patients over 65-years was shown, but however, the study did not 
Review of the Literature 22 
confirm previous reports of improved progression free survival (PFS) and OS (Waage 
et al. 2010a). A meta-analysis of nearly 2000 patients in 6 randomized clinical trials 
compared the efficacy of MPT versus MP. The analysis demonstrated a significant 
beneficial effect on PFS and a trend favoring a significant difference in OS when 
thalidomide is added to MP for first line treatment of elderly patients with MM. The 
median OS was 39.7 months and the median PFS 20.4 months in the MPT arm; the 
corresponding values were 32.7 and 14.9 months in the MP arm (Waage et al. 2010b). 
In the large randomized Vista study bortezomib combined with MP had also a 
significantly better response rate, PFS and OS than MP (San-Miguel et al. 2008). 
Similarly, lenalidomide with dexamethasone has also been used as frontline therapy 
for the elderly resulting in promising figures for short-term PFS and OS (Rajkumar and 
Palumbo 2007b).  
2.8.1.1.2 Novel drugs 
The increased understanding of the pathophysiology of MM has made it possible to 
develop molecularly targeted drugs for MM (Podar et al. 2009). Thalidomide was the 
first one of these drugs that was introduced to the care of patients with MM. The 
University of Arkansas pioneered the administration of thalidomide, a glutamic acid 
derivative with immunomodulatory and anti-angiogenetic action to patients with 
advanced, treatment-resistant MM (D´Amato et al. 1994). Several clinical randomized 
trials have followed and confirmed the efficiency of thalidomide in advanced MM: a PR 
rate about 25% may be achieved with monotherapy (Singhal et al. 1999, Barlogie et al. 
2001, Rajkumar et al. 2001, Weber et al. 2003).  
After this success in the setting of advanced MM, thalidomide - with or without 
dexamethasone - was the first novel drug to be used as first-line therapy, and soon it 
replaced VAD as the standard of drug treatment of patients with newly diagnosed MM 
(Cavo et al. 2005, Lokhorst et al. 2008). However, thalidomide-based regimens result in 
a CR rate of only ≤ 10%. The MRC IX study combined thalidomide, cyclophosphamide 
and dexamethasone as initial therapy, and a CR rate of 20% was achieved prior to 
ASCT. This figure reached to 50% after ASCT (Morgan and Davies 2005). 
The first-in-class proteasome inhibitor bortezomib offers one of the most successful 
therapies against MM. It disrupts normal protein homeostasis by targeting the 
proteasome and affects many key functions in the pathophysiology of MM (Hideshima 
and Anderson 2002, Shah and Orlowski 2009, Lonial 2010). It has also beneficial 
effects on bone metabolism through osteoblast activation (Rajkumar et al. 2005).  
Clinically, bortezomib can overcome the adverse outcome of molecularly defined high-
risk MM. Phase II studies with bortezomib plus dexamethasone for patients with newly 
diagnosed MM have resulted in response rates as high as 88% and in apparent 
increases in CR and VGPR rates (22-31%; Jagannath et al. 2005, Harousseau et al. 
2006). These effects are comparable with those achieved with single ASCT, and may 
be translated to even higher CR and VGPR rates (50-60 %) after ASCT. Combination 
treatments of bortezomib with doxorubicine or thalidomide as initial therapy have also 
resulted in response rates up to 90% and CR rates up to 40% (Oakervee et al. 2005, 
Wang et al. 2007). 
The use of bortezomib as a single agent and with different combinations is regarded as 
the current standard of care and has gained wide acceptance also for the treatment of 
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relapsed and refractory MM, as well (Richardson and Anderson 2003) and newly 
diagnosed MM (Harousseau et al. 2006, Richardsson et al. 2008). The randomized 
trial of the Nordic Myeloma Study Group of nearly 400 patients was designed to 
explore
 
the effect of a 21-week consolidation period of bortezomib, given 3 – 8 months 
after ASCT (Mellqvist et al. 2009). The results suggest that consolidation with 
bortezomib given
 
as a single agent is feasible, improves treatment responses
 
and 
reduces the relapse rate after ASCT.
 
However, the role of bortezomib for maintenance 
therapy after ASCT or alloSCT (Kröger et al. 2006) is still investigational.    
A third novel drug is lenalidomide, a thalidomide analogue with more potent anti-
myeloma activity in vitro and a different toxicity profile when compared to thalidomide. 
Two large phase III randomized trials involving subjects with relapsed MM have shown 
that lenalidomide plus dexamethasone is superior to dexamethasone alone in terms of 
response rate ( 60% vs 25%) and CR rate (15% vs 1-3%; Weber et al. 2007, 
Dimopolous et al. 2009). Studies on lenalidomide as first line treatment of MM have 
also been promising: high response rates have been reported, including rates of VGPR 
or better exceeding 40 % (Dingli and Rajkumar 2010). A caveat needs to be noted: 
lenalidomide seems to increase the risk of mobilization failure in a great number of MM 
patients (Kumar et al. 2007) and this may limit its use for patients proceeding to ASCT.  
The adverse event profiles differ somewhat between the novel drugs. While 
sensorymotor peripheral neuropathy is common and often the most disturbing adverse 
event related to thalidomide and bortezomib (Rajkumar et al. 2001, Richardson et al. 
2002), the main adverse effent related to lenalidomide is myelotoxicity. The risk of 
thrombotic events increases with thalidomide and lenalidomide, especially when 
combined with other drugs, and prophylactic anticoagulation is needed (Osman et al. 
2001, Weber at al. 2003). 
2.8.1.2 Autologous stem cell transplantation 
MM is one of the hematologic malignancies in which the impact of dose intensity has 
been demonstrated. In early 1980`s McElwain and Powles (1983) were the first to report 
that high doses of intravenous melphalan were able to overcome drug resistance and 
induce CR in previously treated MM patients. They reported that prior exposure or failure 
to respond to melphalan at a standard dose did not preclude subsequent induction of CR 
at higher doses. This conclusion has been confirmed by many other investigators 
(Björkstrand et al. 1995, Harousseau et al. 1995). The next step forward was the 
introduction of stem cell rescue in combination with HDM (Barlogie et al. 1987). HDT 
supported by autologous blood cell transplantation is currently a widely used treatment 
modality in various hematologic and oncologic malignancies. Nowadays HDM (200 
mg/m
2
) is the standard regimen preceeding ASCT. Since the pivotal study by the 
Intergroupe du Myelome (IFM) 90 where the superiority of HDT supported by ASCT over 
the standard MP treatment was demonstrated (Attal et al. 1996), MM has been the most 
common disease for which ASCT has been indicated both in Europe and USA (Attal et al. 
2007). Though novel molecularly targeted therapies will probably change the treatment 
of MM in future, HDM supported by ASCT should still today be considered as the 
standard of care in patients under the age of 65 to 70 years. 
Unfortunately, ASCT is not curative for the majority of patients in spite of its significant 
benefits. Several studies (icluding multiple phase II trials, case control series, a 
population-based study and a mature randomized study) have established the 
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superiority of HDT over standard therapy (Cunningham et al. 1994, Attal et al. 1996, 
Barlogie et al. 1997, Palumbo et al. 1999, Lenhoff et al. 2000). The advantage of ASCT 
may be associated with an increase in CR and VGPR rates. The rates of CR after 
conventional therapy without ASCT have been 5-15% (Attal et al. 1996, Hari et al. 
2006) and with ASCT 20-45% (Attal et al. 1996, Hari et al. 2006).  Autografted MM 
patients will continue to relapse during several years after transplantation and most 
patients relapse or progress within two to three years. 
The IFM was the first to demonstrate in a randomized IFM 90 trial the superiority of 
HDT supported by ASCT compared with conventional chemotherapy (Attal et al. 1996). 
Similar results in other randomised trials have been reported as well (Table 7; Child et 
al. 2003, Palumbo A et al. 2004, Blade et al. 2005, Fermand et al. 2005, Barlogie et al. 
2006a). 
Table 7. ASCT versus conventional chemotherapy (CC). Results of randomized studies (Attal et 
al. 2007). 
Study N Follow-up CR rate% EFS months OS months 
   CC vs ASCT CC vs ASCT CC vs ASCT 
IFM90
a
 200 7 y 5 22g 18 28g 44 57h 
MRC7
b
 41 42 mo 8 44g 19 31g 42 54g 
MAG91
c
 190 56 mo 5 19g 19 24 50 55 
PETH
d
 164 44 mo 11 30 33 42 61 66 
USIG
e
 510 76 mo 15 17 14 17 38 38 
IMMSG
f
 194 39 mo 6 25g 16 28 g 42 58+ g 
a 
IFM (Attal et al. 1996), 
  
b 
Medical Research Council Adult Leukemia Working Party (Child et al. 2003),     
c  
Group Myelome-Autogreffe (Fermand et al. 2005),  
d  
Spanish cooperative group PETHEMA (Blade at al. 2005),  
e
  US Intergroup trial (Barlogie et al. 2006), 
 
f  
Italian Multiple Myeloma Study Group (Palumbo et al. 2004) 
g
 P<0.01
      
h
  P<0.05  
 
Compared with conventional chemotherapy, ASCT almost always prolongs PFS, but 
not OS (Koreth et al, 2007). In a meta-analysis involving 2411 patients with newly 
diagnosed MM included in randomized controlled trials comparing ASCT and 
chemotherapy, a PFS benefit for ASCT was demonstrated (P= 0.02) but no significant 
OS benefit (P=0.4). Against this observation, it is curious that HDT supported by ASCT 
has achieved the standard treatment role for the management of MM without any 
clear-cut evidence of OS prolongation (Koreth et al. 2007). Patients with refractory 
disease may benefit from ASCT in the same way as those with primary responsive 
disease (Singhal et al. 2002).  
2.8.1.3 Tandem autologous transplantation 
In ASCT dose intensity seems to be critical. Accordingly, the question has been 
whether further consolidation can be achieved with additional cycles of ASCT. Tandem 
ASCT was introduced in the late 1980’s (Harousseau et al. 1992, Barlogie et al. 1999) 
with the aim to increase the CR rate by repeated HDT. In tandem ASCT, the second 
ASCT is performed soon after the patient has been recovered from the first ASCT, 
usually within six months after the first ASCT. It is known that OS improves significantly 
if the patient is at least in a VGPR after conventional or ASCT therapy (Attal et al. 1996) 
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and that if response to treatment improves from PR to CR, OS will significantly be 
prolonged from a median of 5.0 years to 8.3 years (Alexanian et al. 2001). 
In the randomized IFM94 trial, single and tandem ASCT were compared (Attal et al. 
2003). 399 previously untreated patients under the age of 60 years were randomly 
assigned to undergo either a single ASCT prepared by HDM 140 mg/m
2
 plus total body 
radiation therapy (TBI) or a double ASCT, the first prepared by HDM 140 mg/m
2
 and 
the second by HDM 140 mg/m
2
 plus TBI. The CR and VGPR rates were 42% in the 
single and 50% in the double ASCT group (P=0.10). Median survival was prolonged by 
10 months with tandem transplant but the significant OS benefit emerged only after 
four years. The probability of EFS at 7 years was 10% versus 20% (P=0.03) and of OS 
21% versus 42%. The benefit in EFS but not in OS was confirmed by two other 
randomized studies (Cavo et al. 2007, Pineda-Roman et al. 2008). 
Table 8. Single ASCT (S) versus tandem ASCT (T; Hari et al. 2006)  
Study N Follow-up CR rate(%) EFS (mo) OS (mo) 
   S T S T S T 
IFM94
a












 220 55 35 48 22 35
f
 59 73 
GMMG
d
 261 nr nr 23 29
g
 no difference 
HOVON
e




 55 50 
a  
IFM (Attal et al. 2003),
    
b   
Group Myelome-Autogreffe (Fermand et al. 2003),
  
c  
Bologna 96 (Cavo et al. 2005),









         
g
  P<0.05   
nr = not reported,
   
 
The IFM 94 trial confirmed the feasibility of tandem ASCT, since 75% of the patients 
could undergo ASCT with a mortality rate of less than 5%. The drawbacks of tandem 
ASCTs are an increase in hospitalization and overall health care costs, unrealistic 
expectations of cure and a lack of impact on early mortality (first four years after ASCT; 
Hari et all. 2006). The Hovon investigators reported that also the quality of life indices 
were significantly better in the first year after transplant in the single arm than in double 
arm group (Sonneveld et al. 2005). 
 In a number of randomized studies, single versus double ASCT have been 
prospectively compared (Table 8). A significant finding in the IFM 94 study was that 
the patients whose response was worse than VGPR after the first ASCT had a 
significant benefit from the second ASCT. Thus, the 7-year OS was 11% in the single 
and 43% in the double ASCT group (P<0.001). This finding contrasts with the finding 
that the patients who had at least VGPR after the first ASCT did not gain any 
significant survival benefit from the second ASCT (Attal et al. 2003). Similars results 
have been shown in the Bologna 96 study (Cavo et al. 2007). There are other studies 
with a shorter follow-up than in the IFM94 study in which no survival benefit for tandem 
vs single ASCT was reported (Bologna, HOVON, GMMG; Cavo et al. 2003, Sonneveld 
et al. 2005, Goldschmidt 2005). Thus, the role of tandem transplantation is not quite 
clear, but a feasible approach might be to consider tandem ASCT for those patients 
who are not in CR or nCR after the first ASCT. 
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2.8.2 Allogeneic transplantation  
For many hematological malignancies the only curative treatment option is alloSCT 
(Bensinger et al. 2007). After ASCT, all MM patients ultimately relapse and succumb in 
their disease. High treatment-related mortality (TRM; 30 – 50%) during earlier years 
has restricted a wide use of alloSCT (Gahrton et al. 2001). The benefits of alloSCT are 
that the graft does not contain tumor cells and that an immunological graft versus MM 
(GvMM) effect exists (Tricot et al. 1996, Aleya et al. 2003).  
In a retrospective case-control EBMT study on alloSCT versus ASCT, survival was 
significantly longer in patients who underwent ASCT, but the relapse rate was higher and 
the long-term outcome was better in alloSCT group (Björkstrand et al. 1996). AlloSCT 
induces the highest rate of remissions, including molecular remissions, resulting in long-
term disease free survival (DFS) in over 30% of patients (Voena et al. 2003, Bensinger 
2004). Corradini et al (2003) have reported molecular remission only in 7% of patients 
after ASCT but in 50% after alloSCT. Moreover, none of the 16 patients with a negative 
molecular status had relapsed at 5 years after alloSCT while all 13 patients with 
molecular positivity relapsed within 5 years after alloSCT. However, MM tends to relapse 
even several years after alloSCT, and less than 30% seem to be long-term survivors. 
2.8.2.1 Tandem autologous plus allogeneic transplantation  
Development of alloSCT with reduced-intensity conditioning (RIC-allo) has been 
changing the scene during the recent years as an attempt to decrease the transplant-
related toxicity while retaining the wanted GvMM effect. The adoptive 
immunotherapeutic effect of competent donor immune effector cells in eradicating the 
disease has been established. It is best shown by the use of donor lymphocyte 
infusions (DLI) to re-induce disease responses after relapse post-alloSCT (Child et al. 
2003, Lokhorst et al. 2003). The GvMM effect of DLI has led to the use of DLI in the 
treatment of both persistent disease and relapse after alloSCT. The response rate to 
DLI is 45 – 60% and the CR rate 20 – 30%, but the response lasts for more than 1 year 
only in 20% of the patients (Lokhorts et al. 2004). 
The conditioning regimens consist usually either of fludarabine and melphalan with or 
without in vivo T-cell depletion (with antithymocyte globulin or alemtuzumab) or of low-
dose TBI with fludarabine. The incidence of acute and chronic GVHD has been 30% 
and 50%, respectively. RIC-allo is associated with a TRM less than 20% but at the cost 
of increased relapse rate (Einsele et al. 2003, Lee et al. 2003). The EBMT group has 
reported a retrospective study comparing 196 patients receiving myeloablative 
conditioning versus 320 patients receiving RIC-allo. The results are in Table 9, but the 
two populations were not entirely comparable because the patients in the RIC-allo 
group were older and had more resistant disease and were more heavily treated than 
the patients on myeloablative conditioning (Crawley et al. 2007).  
Table 9. Myeloablative conditioning versus RIC-allogeneic transplantation, EBMT 1998 – 2002 
(Crawley et al. 2007). 
Procedure No of patients TRM% CR rate% PFS% at 3y OS% at 3 y 
Myeloablative 196 37 53 19 51 
RIC 320 24 34 35 38  
P 0.002 <0.001 <0.001 <0.001  
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Considering the importance of a low tumor mass at the time of transplant for the 
success of RIC-allo, the use of ASCT and sometimes even tandem ASCT to reduce 
the tumor burden before RIC-allo has been investigated. In a study on ASCT plus RIC-
allo, the TRM was 11% at day 100 and the CR rate 73% (Kröger et al. 2002). In three 
studies compairing tandem ASCT with single ASCT followed by RIC-allo, the TRM 
ranged from 10% to 16%. The IFM study (Garban et al. 2006) and the PETHEMA 
study (Rosinol et al. 2009) found no benefit in terms of CR, EFS and OS but an Italian 
study (Bruno et al. 2007) did report an increased CR rate and a significant survival 
benefit for patients in the allo-RIC group.  
The current consensus about alloSCT in MM is that this treatment modality can cure a 
minority of patients but at the cost of a high TRM. Thus, alloSCR with myeloablative 
conditioning is recommended within well-designed clinical trials. TRM is lower after 
RIC-alloSCT but relapse risk is higher, and, accordingly, this treatment concept is also 
still investigational (Lokhorst et al. 2010). 
2.8.3 Other treatment phases 
2.8.3.1 Advanced disease phases 
Relapsed, refractory, or progressive MM can repeatedly be controlled with MM drugs 
or their combinations but gradually the responses become weaker and shorter, and 
ultimately the disease becomes refractory and uncontrolled. Dexamethasone is the 
classical agent for treatment of advanced phases, usually given as high-dose pulses or 
combined with conventional chemoterapeutic drugs (Raab et al. 2009). The novel MM 
drugs presented above are the most effective ones in advanced disease phases, and 
they are usually combined with a corticosteroid, cytostatic agents, or with each other 
(Raab et al. 2009, Blade et al. 2010). 
2.8.3.2 Maintenance 
Maintenance chemotherapy has not been shown to offer any benefit for OS. 
Glucocorticosteroid maintenance prolongs the duration of response but an effect on 
survival has not been established (Berenson et al. 2002, Shustik et al. 2004). 
Cunningham et al (1998) showed in a randomized study that maintenance therapy with 
interferon α (IFN) prolonged EFS significantly, while OS was not affected. In a later 
study IFN had no impact on survival outcomes (Barlogie et al. 2006c). Novel agents 
will offer new possibilities for maintenance therapy, but the optimal maintenance 
treatment, if any, after an adequate response to conventional chemotherapy has not 
been established. There are some data that thalidomide may be beneficial as 
maintenance therapy after ASCT (Attal et al. 2006, Barlogie et al. 2006c, Spencer et al. 
2007) but, on the other hand, early and prolonged use may hamper the treatment of 
later progression phase (Barlogie et al. 2006b).  
Preliminary data of bortezomib and lenalidomide suggest that these drugs can 
overcome the poor prognosis associated with cytogenetic abnormalities (Jagannath et 
al. 2007) and are interesting alternatives for post-ASCT treatment. In the trial of 
Ladetto et al (2002) patients got 4 courses of consolidation treatment with bortezomib 
plus thalidomide plus dexamethasone after ASCT, and 6 out of 24 patients at least in 
VGPR after ASCT, achieved molecular remissions and none of them had a relapse 
with a median follow-up of 26 months. 
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2.8.4 Importance of complete response and molecular response 
The long-term outcome in myeloma has changed significantly during the last decade 
which has been linked to use of ASCT and new myeloma drugs, including thalidomide, 
bortezomib and lenalidomide (Brenner et al. 2008, Kumar et al. 2008, Raab et al. 
2009). These treatment modalities are more effective than the traditional drugs in 
attaining CR or at least VGPR and a significant correlation between prolonged survival 
and good responses has been recorded both in the setting of upfront treatment and 
relapse treatment (van de Velde et al. 2007, Harousseau et al. 2009, Nooka et al. 
2009). The significance of attaining CR has been known also when non-intense 
treatments without ASCT have been used, but the traditional treatments have yielded 
very low CR rates. With high-dose treatment and ASCT, CR or VGPR can be achieved 
in up to 50% of the patients and a similar efficacy can be reached with the new drugs 
in different combinations (San-Miguel et al. 2008). In addition to achieving CR or 
VGPR, the long duration of CR – more than 3 years from start of treatment – is a 
surrogate marker of prolonged survival (Barlogie et al. 2008). It is currently widely 
suggested that achieving CR is the therapeutic goal sought for in modern myeloma 
treatment (van de Velde et al. 2007, Harousseau et al. 2009, Ludwig et al. 2010). 
In addition to the achievement of CR the depth of CR may also be important. 
Eradication of MRD has been shown to be crucial in many other hematological 
malignancies, e.g. the acute leukemias (Mortuza et al. 2002, Santamaria et al. 2007), 
chronic myeloid leukemia (Olavarria et al. 2001),
 
chronic lymphocytic leukemia 
(Moreno et al. 2005, Itälä et al. 2008) and non-Hodgkin’s lymphomas (Gribben et al. 
1993). The two most important techniques to measure MRD are flow cytometry and 
polymerase chain reaction (PCR) , the latter being more sensitive (Bacher et al. 2008). 
The sensitivity of detection of MRD by PCR has improved through progress in the 
techniques from qualitative PCR to semi-quantitative allele specific oligonucleotide 
(ASO)-PCR and finally to the most sensitive quantitative real-time ASO-PCR 




(Blade et al. 1998, Verhagen et al. 
2000, Van der Velden et al. 2003). Molecular remissions are associated with prolonged 
long-term survival, particularly after alloSCT (Corradini et al. 2003, Bakkus et al. 2004, 
Rasmussen et al. 2004). Because eradication of MRD may offer a chance for full cure, 
the suggested viewpoint is that future may set the goal for the treatment of MM not 
only at CR but at molecular CR.  
There are, however, several studies in which achievement of CR has not translated 
into prolongation of patient survival (Dingli et al. 2007, Ludwig et al. 2010), although 
this should be the ultimate goal of treatment of MM (Bergsagel 2008, Durie 2010). 
There are patients for whom achievement of CR and its depth are a valid surrogate for 
prolonged survival, but this is not the case for all patients. Successful control of the 
proliferative, cytogenetically abnormal tumor compartment may be the critical end point 
in MM treatment, not only a cosmetic CR (Bergsagel 2008).  
2.9 Mobilization  
Composed of stromal cells, endothelial cells, osteoblasts and other matrix components, 
the bone marrow microenvironment anchors hematopoietic stem cells through a wide 
range of adhesive interactions (Nervi et al. 2006). Although a small number of 
hematopoietic stem cells circulate in the peripheral blood, mobilization is necessary to 
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drive sufficient numbers of hematopoietic stem cells from the BM to the peripheral 
circulation, where they can be harvested by apheresis. Peripheral blood has appeared 
to be superior to BM as a source of hematopoietic stem cells for autologous 
transplantation, because collection is easier, morbidity is low and the time to 
engraftment is short (Beyer et al. 1995). Nearly 99% of adult stem cells are collected 
from peripheral blood.  
After mobilization with chemotherapy and G-CSF, daily measurements of blood CD34+ 
cells are made when the blood leukocyte count recovers from its nadir and reaches the 
level of 1.0 x 10
9
/l. Leukapheresis will usually start when the blood CD34+ cell count 
exceeds 10 – 20 x 10
9
/l. The blood CD34+ cell concentration predicts accurately the 
stem cell yield after leukapheresis (Haas et al. 1994, Remes et al. 1997). 
2.9.1 Target stem cell dose 
The optimal target dose of infused CD34+ cells is around 4.0 to 5.0 x 10
6
 per kilogram 
of patient weight for a single transplant (Fu and Liesveld 2000); the minimum is 1.5 to 
2.0 x 10
6 
CD34+ cells/kg (Gandhi et al. 1999). Higher stem cell doses are associated 
with faster platelet and neutrophil engraftment (Bensinger et al. 1995, Tricot et a. 1995, 
Sienna et al. 2000) and with a reduced need for transfused red blood cells and 
platelets (Sienna et al. 2000). In some studies, CD34+ cell doses over 3 x 10
6
 /kg have 
been associated with better outcomes, primarily due to faster hematological recovery 
and a lower incidence of infectious and bleeding complications (Bensinger et al. 1995, 
Desikan et al. 2001). However, most studies on the impact of the CD34+ cell dose 
have been retrospective and the CD34+ cell dose has not been associated with 
significantly differing outcomes. The suggestion of the International Myeloma Working 
Group for a minimum collection target is 4 x 10
6 
CD34+ cells / kg for one and 8 – 10 x 
10
6 
CD34+ cells / kg for two transplants (Giralt et al. 2009).  
2.9.2 Biology of stem cell mobilization 
The collected graft contains many cells besides CD34+ cells. It is well known that 
clonotypic MM cells regularly contaminate the blood stem cell harvest, as is the case 
for other hematological diseases with BM involvement. Thus, lymphoma cells were 
mobilied in 36% of patients tested, 78% of whom had follicular lymphoma (Gazitt et al. 
2001). Mobilizing therapy has been modified in an attempt to purge the stem cell 
product in vivo and stem cell harvests have also been enriched by selecting CD34+ 
cells from the harvest product in vitro. These methods have, however, failed to 
demonstrate a benefial effect on treatment outcomes (Stewart et al. 2001, Remes et al. 
2003). 
Recently, more attention has been paid to the quality of the graft. The number of 
primitive stem cells (CD34+/ CD38-) in the graft seems to be important for long-term 
engraftment after SCT. It has also been shown that patients with MM, lymphomas or 
amyloidosis who achieve a high absolute lymphocyte count by day 15 after ASCT have 
significantly longer OS than patients with a low lymphocyte count. The lymphocyte 
count seems to recover early if there has been a high level of lymphocytes in the 
infused stem cell product (Atta 2009). It has also been demonstrated that the natural 
killer cells in the product translate to more rapid lymphocyte recovery and better 
outcomes (Porrata et al. 2004). Significantly higher lymphocyte counts in the graft have 
been reported when G-CSF alone has been used for mobilization compared to G-CSF 
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combined with cyclophosphamide (CY; Hiwase et al. 2008). Mobilization with 
chemotherapy followed by G-CSF reduces significantly the precollection absolute 
lymphocyte count, which could impact on long-term outcomes, independently of the 
number of CD34+ cells infused (Atta et al. 2009). 
2.9.3 Stem cell collection 
The technique and the blood cell separator used to collect stem cells affect strongly to 
the yield of the cytapheresis. Large volume apheresis has been introduced to improve 
the harvest of stem cells; here the processed blood volume is more than 4-fold the 
patient’s blood volume. This technique often produces thrombocytopenia as platelets 
are lost during the harvesting (Moog 2006). High levels of citrate are required to 
maintain anticoagulation and this often results in muscle or bone pain and cramping 
(Moog 2006). Despite these drawbacks, large volume cytapheresis facilitates ASCT in 
poor mobilizers, and a low pre-apheresis blood CD34+ count can sometimes be 
overcome with large volume collections (Majado et al. 2010). 
2.9.4 Mobilization strategy 
The yields of hematopoietic stem cells can vary greatly between the patients and the 
optimal strategy to mobilize hematopoietic stem cells from the bone marrow into the 
peripheral blood is still under investigation. Mobilization strategies consist of cytokines 
alone or combined with chemotherapeutic agents. The biological mechanisms through 
which cytokines induce peripheral blood stem cell mobilization are complex and not 
completely understood (Levesque et al. 2004). Mobilization with cytokines alone is well 
tolerated but collection of sufficient numbers of stem cells to support transplantation can 
be difficult, especially in patients who have previously been treated with many intensive 
chemotherapy regimens (Haas et al. 1994). A combination of cytostatic chemotherapy 
with G-CSF or granulocyte-macrophage colony-stimulating factor has been shown to be 
the most efficient regimen to mobilizate stem cells. When a myelosuppressive 
chemotherapeutic agent is added to a cytokine for mobilization, this improves the 
collection yield by a factor of 2.5 according to some reports (Bensinger et al. 1995), 
although no effect has also been reported (Alegre et al 1997). The use of chemotherapy 
agents in a mobilization regimen also increases the incidence of neutropenia and 
infections and requires increased personnel resources, hospitalizations, transfusions and 
antibiotics (Jantunen et al. 2003, Cupta et al. 2005). Individual responses to 
chemomobilization may result in irregular collection schedules that increase the need for 
resources (Bargetzi et al. 2003). Although chemomobilization is widely used, there is no 
standard strategy for stem cell mobilization.  
2.9.5 Chemotherapy 
High-dose CY (up to 7 g/m
2
) plus G-CSF has, in some studies, been superior to CY 4 
g/m
2
 plus G-CSF with regard to the cytapheresis yield (To et al. 1990, Kotasek et al. 
1992, Boiron et al. 1993, Goldschmidt et al. 1997). High-dose CY is, however, more 
toxic than low-dose CY and may cause deep and prolonged cytopenias (Goldschmidt 
et al. 1997, Marit et al. 1998). In a nationwide Finnish study, a low dose of CY (1.2 – 
2.0 g/m
2
) plus G-CSF was found to be as effective as high-dose CY (4 g/m
2 
) plus G-
CSF in terms of adequate progenitor cell mobilization and was associated with less 
toxicity and less need for supportive care (Jantunen et al. 2003). Different 
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chemotherapies can be used for mobilization, but drugs that are toxic to the stem cell 
should be avoided. Disease-specific chemotherapies are one appealing way to 
mobilize, for example in lymphoma.  
2.9.6 G-CSF 
G-CSF is the most frequently used cytokine for mobilization. Because filgrastim (FIL) 
has a half-life of 3 – 4 hours, daily subcutaneous administration is required. FIL is 
usually administered subcutaneously at a dose of 5 – 10 g/kg starting normally one 
day after the end of cytotoxic therapy and continuing each day until the end of 
leukapheresis. When G-CSF is used alone for mobilization, it is administered at doses 
ranging from 10 g/kg to 32 g/kg subcutaneously daily at least 4 days before the first 
apheresis and continued until the last apheresis session.  
2.9.7  Pegylated G-CSF 
Pegfilgrastim (PEGFIL) is a pegylated form of FIL, which has a prolonged terminal 
elimination half-life of 33 hours and self-regulating serum levels as a result of 
neutrophil-mediated clearance (Curran and Goa 2002, Zamboni 2003). A single dose 
of PEGFIL has been shown to be as effective as multiple doses of daily FIL in the 
management of chemotherapy-induced neutropenia (Green et al. 2003, Sienna et al. 
2003). Twice daily FIL has been compared to PEGFIL 12 mg and it was found that 
PEGFIL has substantial advantages over FIL, including a higher percentage of patients 
with successful collection, a yield of more than 1.5 x 10
6
 CD34+/kg, single injection 
(rather than 13 daily injections) and faster neurophil and platelet recovery (Tricot et al 
2008). In the autograft setting there are a few single-arm studies where the feasibility 
and efficacy of single-dose PEGFIL for stem cell mobilization has been demonstrated. 
In patients with MM or lymphoma PEGFIL at doses 6 – 12 mg s.c. has been 
successfully used for stem cell mobilization (Isidori et al. 2005, Steidl et al. 2005, Bruns 
et al. 2006). The 6 mg dose has been shown to be as efficient as the 12 mg dose 
(Isidori et al. 2005, Bruns et al. 2006) and mobilization efficacy and harvesting 
outcomes were comparable between the single-dose PEGFIL and daily FIL (Steidl et al. 
2005, Bruns et al. 2006, Fruehauf et al. 2007). 
2.9.8  Plerixafor  
Stromal cell-derived factor-1 (SDF-1) is a chemokine constitutively expressed and 
produced in the stromal cells of the bone marrow. It induces the migration and homing 
of hematopoietic stem cells and progenitor cells through signalling via the G protein-
coupled receptor C-X-C4 chemokine receptor type 4 (CXCR4; Peled et al. 1999). SDF-
1 plays a key role in regulating the movement of hematopoietic cells, including CD34+ 
hematopoietic progenitor cells (Aiuti et al. 1997). Plerixafor is a selective and reversible 
antagonist of CXCR4 and disrupts its interaction with SDF-1; this causes ng a rapid 
release of stem cells from bone marrow niches into the blood circulation (Gerlach et al. 
2001, Hatse et al. 2002, Flomenberg et al. 2005 ). 
In a study of MM and lymphoma patients who had failed at least one mobilization 
attempt, a combination of G-CSF and plerixafor led to successful mobilization in 70% 
of patients (Calandra et al. 2008). In 2009 the EMEA approved plerixafor for clinical 
use following mobilization with G-CSF for MM and lymphoma patients who are poor 
mobilizers. Allogeneic stem cells from sibling donors have been mobilized without G-
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CSF using plerixafor alone, and this has provided a more rapid and less toxic 
alternative to FIL (Devine et al. 2008). Plerixafor and FIL together mobilize more 
progenitor cells than FIL alone – the median increase is 8-fold compared to FIL alone 
(Fruehauf et al. 2009). 
2.9.9 Mobilization failure 
Definitions of the patients who are hard to mobilize varies, but usually mobilization is 
considered to have failed if the minimum collection target of 2 x 10
6
 CD34+ cells per kg of 
patient’s body weight has not been reached or the peak blood CD34
+
 cell count after 
mobilization is too low to start apheresis, i.e., usually less than 10 – 15 x 10
6
/l. In a study of 
840 patients with MM or non-Hodgkin’s lymphoma, 10.8% of patients who were mobilized 
with a combination of chemotherapy and G-CSF were considered poor mobilizers 
(Wuchter et al. 2010). Unsuccessful stem cell mobilization leads to costly mobilization 
attempts or cancellation or, if possible, postponement of ASCT (Boeve et al. 2004).  
There are a number of factors which impact successful mobilization. Some pre-
mobilization factors have been identified which affect negatively stem cell mobilization, 
such as age over 60 years (Bensinger et al. 1995), increasing amount of previous 
chemotherapy (Haas et al. 1994, Bensinger et al. 1995) and previous exposure to 
myelotoxic cytostatics (Goldschmidt et al. 1996, Drake et al. 1997, Marit et al. 1998). 
Melphalan is a well known stem cell toxin, but also carmustine, fludarabine and 
cladribine have been associated with unsuccessful mobilization. Use of lenalidomide 
seems to increase the risk of mobilization failure in a great number of MM patients as 
well (Kumar et al. 2007). The duration of treatment with stem cell toxins is also of 
importance (Goldschmidt et al. 1996, Clark and Brammer 1998).  
Patients who are eligible for ASCT should first be treated with a regimen that is not 
toxic to hematopoietic stem cells. Conflicting results have been published on other pre-
mobilization factors that are associated with mobilization failure. Thus, a short time 
from the preceding chemotherapy before mobilization has (Kotasek et al. 1992, Haas 
et al. 1994) or has not (Koumakis et al. 1996, Drake et al. 1997,) had a negative impact 
and prior radiotherapy (Bensinger et al. 1995, Goldschmidt et al. 1996, Watts et al. 
1997) has or has not (Drake et al. 1997) impaired stem cell mobilization. Also, 
involvement of the bone marrow by the malignant disease has (Bensinger et al. 1995) 
or has not a negative effect on mobilization (Kotasek et al. 1992, Koumakis et al. 1996). 
Regarding mobilization-related factors the mobilizing agents and their doses may also 
be critical. Sepsis (Johnson et al. 1995), febrile neutropenia (Kuittinen et al. 2004) and 
prolonged platelet recovery to 50 x 10
9
/l (Marit et al. 1998) impair stem cell mobilization. 
An approach to hard-to-mobilize patients has been suggested in a recently published 
review (Table 10; Jantunen and Kvalheim 2010).  
Table 10. Suggested approach with a hard-to mobilize patient (Jantunen and Kvalheim 2010) 
Previously failed mobilization consider adding plerixafor to G-CSF or 
chemo + G-CSF-mobilization 
First mobilization with G-CSF alone Consider adding plerixafor if blood CD34+ 
count is low (<5 x 10
6
/l) on day +4 
First mobilization with chemo + G-CSF  Consider adding plerixafor, if blood CD34+ 
counts remain low (<5 x 10
6
/l) at the time of 
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3. AIMS OF THE STUDY  
The purpose of this study was to evaluate the outcomes of patients of autologous stem 
cell transplantation for multiple myeloma in Turku University Central Hospital.  
The specific aims were: 
1. to identify patients at risk for mobilization failure 
2. to compare short-acting and long-acting G-CSF as mobilizing agents in 
combination with chemotherapy 
3. to compare the impact of single versus double autotransplantation on clinical 
outcomes 
4. to clarify the effect of minimal residual disease assessed by quantitative allele-
specific PCR on long-term outcome after stem cell transplantation 
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4. PATIENTS AND METHODS 
4.1 Patients and data collection (I-IV) 
This study is a retrospective analysis of prospectively collected data of MM patients 
treated with ASCT between February 1992 and October 2006 in the Department of 
Hematology, Turku University Central Hospital, Turku, Finland. In the MRD study some 
patients treated with alloSCT were included. The hospital is a 1000-bed teaching 
facility with a hematology department of 24 beds. The hematology department serves 
as a tertiary referral centrer for the southwestern part of Finland and as a primary care 
facility for hematological diseases with a catchment area of about 200.000 patients. 
The department serves also as a transplant center for both autologous and allogeneic 
transplantations and serves other regions in addition to southwestern Finland.  
In all studies the analyses were retrospective but based on prospectively collected data. 
Since the begin of SCT, data on SCT has been collected and analyzed in a SCT data 
base. One data set is provided to the EBMT registry, one to the International Bone 
Marrow Transplant Registry (IBMTR) and one is used for in-house purposes. A 
summary of the study subjects and design of the studies is shown in Table 11. 
Table 11. Subjects and study designs (I-IV). 
Study Time 
period 
Patient population Number of 
patients 
Purpose of the study 
I 1993-2003 MM patients 124 to evaluate factors 
affecting mobilization of 
stem cells 







to compare short- and 
long-acting G-CSF as 
mobilizing agents 
III 1992-2003 auto transplanted  
MM patients 
100 to compare single versus      
double ASCT 
IV 1997-2006 transplanted 
MM patients 





 quantitative ASO-PCR 
4.2 Stem cell mobilization: Predictive factors for mobilization 
failure and comparison between FIL and PEGFIL (I, II) 
4.2.1 Patients  
In study I, 124 consecutive patients aiming at ASCT were evaluated at the time of 
stem cell mobilization and a comparison was made between those who failed to 
mobilize a sufficient amount of CD34+ cells (blood DC34+ cell count below 20 x 10
6 
/l; 
n=20) and those who successfully mobilized stem cells (n=104). The peak blood 
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CD34+ cell count was used as a marker of mobilization success against which the 
various predictive factors were tested. Of these 124 patients, 90 (73%) was mobilized 
during their first-line treatment phase and 34 (27%) in later phases of the disease. 
Study II was a case-matched analysis of the mobilization efficacy of long-acting 
PEGFIL in comparison with short-acting FIL. This study included 38 consecutive adult 
patients in 2005 – 2006 with a lymphoproliferative disease (MM, chronic lymphocytic 
leukemia (CLL) or lymphoma) who required stem cell mobilization prior to ASCT and 
who were successfully mobilized using PEGFIL. Each PEGFIL-patient was matched 
for age (+/- 5 years), disease and treatment with two historical patients who had been 
succesfully mobilized with daily FIL in 1996 – 2005 and who had been identified in a 
reverse order of time from a total number of 251 patients who were mobilized with FIL. 
Those who met the three selection criteria were chosen for case-matched controls. 
Patient characteristics and mobilization chemotherapy of study I and II are seen in 
Table 12. Written informed consent was obtained from each patient. The study was 
conducted according to good clinical practice standards. The analysis was included in 
the quality management program of the stem cell transplantation program, accredited 
by Joint Accreditation Committee - ISCT (International Society for Cellular Therapy) 
and EBMT in 2006 and by the Finnish authorities (EU directive 2004/23/EY on the use 
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4.2.2 Mobilization therapy  
Most patients (n=103) in study I were mobilized with chemotherapy plus G-CSF and 
only one patient received growth factor alone. The first patients were mobilized in the 
1990’s and at that time we used CY 3-4 g/m
2
 (n=68) to 1.2-2.5 g/m
2
 (n=56) for 
mobilization. G-CSF was administered on the day following the chemotherapy at a 
dose of 5 – 10 g/kg/d s.c. and was continued until the last day of leukapheresis or 
was stopped earlier if the mobilization of CD34+ cells into the blood appeared to be 
insufficient.  
All patients in study II received mobilizing cytostatic chemotherapy according to 
standard practice. The most frequently used mobilization chemotherapy was high-dose 
CY, at a dose of 1.5-2 g/m
2
 for patients with MM and 2-4 g/m
2
 for lymphomas if used 
as a single agent. PEGFIL was given on day 2 to the majority of patients, one day after 
the end of one-day cytotoxic therapy. If the chemotherapy course was longer, PEGFIL 
was administered one day after the last dose. Most patients (n=29, 76%) were 
administered PEGFIL at a dose of 12 mg; however, the first patient included in the 
study (with lymphoma) was treated with PEGFIL at a dose of 18 mg, while the last 8 
patients (5 with MM, two with CLL and 1 with lymphoma) received a 6 mg dose. FIL 
was administered at a dose of 5 µg/kg from day 2, or one day after the end of cytotoxic 
therapy and was continued daily until the end of the leukapheresis.  
4.2.3 Stem cell collection  
Following mobilization with chemotherapy plus G-CSF, daily measurements of blood 
CD34+ cells were initiated on days 9–10 when the blood leukocyte count had 
recovered from its nadir to a level of at least 1.0  10
9
/l. In study I apheresis was 
initiated when the blood CD34+ count reached ≥20  10
6
 cells/l; the aphereses of the 
first patients were started when the blood CD34+ cell count exceeded 10 x 10
6
/l. In 
study II, apheresis was started when the blood CD34+ count reached ≥ 15  10
6
 /l, 
with three exceptions in the FIL group where apheresis was started when blood CD34+ 
count was between 10 and 15 x10
6
/l.  
The target yield for a single transplantation was 4  10
6 
CD34+ cells/kg of patient´s 
body weight but a minimum of 1.5  10
6
 CD34+ cells/kg was accepted for 
transplantation. For patients with MM aged less than 60 years, the aim was to collect 
sufficient stem cells for a double transplantation (≥ 6 x 10
6
 CD34+ cells/kg).  
Before February 2000 the aphereses were performed using a Fenwal CS-3000 Plus 
device (Baxter Healthcare Corp., Deerfield, IL, USA; (n= 86 in study I and n=13 in 
study II). After this date, the aphereses were performed using the COM.TEC Blood Cell 
Separator (Fresenius Hemo Care, Bad Homburg, Germany) with a reduced volume 
program. Whole blood flow rates were 50–70 ml/min. Until 2004 a total of 
approximately 10 l of blood was processed for each collection. Since the beginning of 
2004 the apheresis collection volume was increased to a mean of 12 l (range 6.6-17.4 
l). The final product containing 10% dimethyl sulfoxide (DMSO) was frozen using a 
computer-controlled freezer device (Kryo 10, Planer, Sunbury-on-Thames, UK) and 
stored at –196 
°
C in liquid nitrogen until used.  
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4.2.4  Stem cell transplantation  
Patients achieving the acceptable yield of CD34+ cells underwent high-dose 
chemotherapy followed by ASCT. High-dose chemotherapy was selected according to 
patients’ disease, and mainly melphalan 200 mg/m
2
 was used for myeloma and BEAM 
(BCNU, etoposide, ara-C, melphalan) for lymphoma. After stem cell infusion G-CSF 
was administered until the neutrophil count was ≥1.0 x 10
9
 /l.  
4.2.5 Study endpoints  
Successful mobilization was defined as a sufficient mobilization of CD34+ cells into the 
blood so that a sufficient number of CD34+ cells could be harvested. Accordingly, the 
primary study endpoint was the blood CD34+ concentration at onset of cytapheresis 
(Study I and II) or also peak blood CD34+ cell count after mobilization (Study I).  
4.2.6 Laboratory methods  
Blood and apheresis CD34+ cells were counted by flow cytometry. Until mid 1999, a 
two-platform method was used (Remes et al. 1997) but this procedure was later 
modified according to the Nordic recommendations (Johnsen 1995). Since then, a 
single-platform assay in TrueCount
TM
 tubes using Procount
TM
 reagents and software 
have been used (Becton-Dickinson, San Jose, CA, USA), using a FacsScan flow 
cytometer (Becton-Dickinson) until late 1999 and a FacsCalibur (Becton-Dickinson) 
flow cytometer thereafter.  
4.3 Single versus double ASCT (III) 
4.3.1 Patients 
A total of 100 consecutive patients with newly diagnosed MM treated with HDT and 
ASCT in 1992 – 2003 were included. 73 patients received a single ASCT and, since 
the beginning of the double transplant program in 1996, 27 patients under the age of 
61 years have received a double ASCT. Four patients older than 61 years were treated 
according to the double ASCT protocol and are included in the analysis. There were 40 
patients who would have been candidates (age <61 years) for double autografting but 
who received only a single ASCT. The reasons for omitting the second transplant were: 
mobilization failure (3 patients), the patient’s own wish to delay the transplantation until 
relapse (9 patients), and 28 patients were transplanted before the double 
autotransplantation program started. This analysis is consequently not an intention-to-
treat analysis, but rather an analysis of what actually happened, i.e. an observational 
study. The patient characteristics at diagnosis and the treatment details are given in 
Table 1 (III). The patients gave informed consent and the prospective double 
autografting protocol was approved by the Institutional Ethics Committee.  
4.3.2 High-dose therapy and ASCT  
After initial debulking therapy with three to four cycles of VAD, stem cell mobilization 
with high-dose CY and FIL was performed. 37 (37%) patients received a CD34+ cell 
selected graft (21 patients in the single and 16 in the double ASCT group). Because 
we had previously shown no difference in the outcomes between CD34+ cell selected 
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and unselected autografting (Remes at al. 2003), all ASCTs have been put together for 
this analysis. All patients underwent autografting with a graft collected from peripheral 
blood. Of the 100 patients in study III, 64 are included in study I.  
In the single ASCT group, HDT consisted of 140 mg/m² melphalan + TBI 12 GY in 5 
fractions for the first 20 patients (27%) and for one patient in the double ASCT group. 
HDM alone at a dose of 200 mg/m² was used for 53 patients (73%) in the single ASCT 
group and for 26 patients (96%) as the first transplant and for all patients as the 
second transplant in the double ASCT group. Prophylactic G-CSF was started on day 
+4 after HDM at a daily dose of 300 to 480 g s.c. and continued until the neutrophil 
count exceeded 1.0 x 10
9
/l.  
In the double ASCT group, the median time from the first HDT to the second was 5 
months (range 2.5 – 12 months). After HDT and autografting, IFN was started for 57% 
of the patients (42 patients) in the single ASCT group and for 41% (11 patients) in the 
double ASCT group. The median duration of IFN treatment was 11 (1-101) months in 
the single ASCT group and 16 (2 – 45) months in the double ASCT group.  
4.3.3 Study endpoints  
Response rate, PFS and OS were assessed among the patients receiving a single or a 
double ASCT. The median follow-up from the time of the first transplant of the living 
patients was 51 (4 – 138) months in the single ASCT group and 46 (10 – 78) months in 
the double ASCT group.  
4.3.4 Response criteria 
The responses to the treatment were determined according to the EBMT response 
criteria (Blade et al. 1998). 
4.4 MRD, assessed by qASO-PCR (IV) 
4.4.1 Patients  
From October 1997 to June 2006 a total of 134 autologous (double 35) and 21 
allogeneic SCT were performed at our institution to treat patients with MM. Of the105 
patients who attained CR or nCR according to the EBMT response criteria (Blade et al. 
1998), 43 were randomly chosen for molecular analysis. A patient-specific probe could 
be made for 37 patients (86%) and used for MRD status assessment with quantitative 
ASO-PCR (qASO-PCR) after SCT. The 37 patients were divided into two groups 
based on their lowest qASO-PCR status 3 – 6 months after transplantation, i.e. MRD ≤ 
0.01% (the MRD low/negative group) or MRD > 0.01% (MRD high group). This cut-off 
value was chosen because it represented the median of the MRD measurements and 
has also been used by others (Bakkus et al. 2004). In addition to qASO-PCR, 
serum/urine IFE was performed 3 – 6 months after transplantation at the same time as 
the respective qASO-PCR measurement. The cut-off date of this analysis was 
December 31, 2007. The characteristics of the patients are presented in Table 1 (IV).  
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4.4.2 Stem cell transplantation  
Of the patients with a PCR probe, 30 received high-dose melphalan (200 mg/m
2
) and 
single (N=20) or double (N=10) ASCT after initial debulking therapy. Seven patients 
underwent allogeneic SCT, three with myeloablative and four with RIC. In the 
allogeneic setting, the myeloablative conditioning regimen consisted of melphalan 110 
mg/m
2 
and total body irradiation (TBI; 12 Gy); fludarabine 30 mg/m
2 
for 3 days and TBI 
2 Gy were used in RIC. Treatment responses before and after transplantation are seen 
in Table 13. All the data of transplanted MM patients were prospectively collected into 
our transplant database for subsequent analyses to which the patients had given 
informed written consent. The study was conducted according to GCP standards. The 
analysis was included in the quality management program of the stem cell 
transplantation program and accredited by JACIE/EBMT in 2006 and by the Finnish 
authorities (EU directive 2004/23/EY on the use of human tissues and cells).  
Table 13. Stem cell transplantations during the study period October 1997 to June 2006. 
Treatment responses (% of patients) before and after transplantation 
Response Single ASCT Double ASCT Auto-alloSCT AlloSCT 
 n=99 n=35 n=6 n=15 
 Before       After Before      After Before      After Before     After
a 
CR 2 43 1   15 0   3 2    7 
nCR 9  23 6   11 2    1 0    1 
PR 47  27 20   8 2   1 10   3 
<PR 41   6 8    1 2   1 3   2 
Abbreviations: CR = complete remission, nCR= near to CR, PR= partial response, <PR= inferior 
to CR 
a 
two deaths  
4.4.3 Study endpoints  
The primary study endpoints were, firstly, the MRD status assessed by qASO-PCR 
after SCT and, secondly, PFS and OS in the MRD low/ negative and MRD positive 
groups.  
4.4.4 Laboratory methods  
4.4.4.1 qASO-PCR  
Individual ASO- primers were designed for each patient to match the hypervariable 
CDR3 region for the sequenced IgH-gene using the Primer Express software (Applied 
Biosystems, Foster City, CA, USA). For a few of the patients (n=12) a SybrGreen 
based detection and two ASO-primers were used with the forward primer in the CDR2 
or FR3 region and the reverse primer in the CDR3 region. In SybrGreen based assays 
the amplification was considered positive and quantified only if the dissociation curve 
was consistent with a specific PCR product with an expected melting temperature. For 
most of the patients (n=25) only one ASO forward primer was used and the consensus 
TaqMan and reverse oligonucleotides were selected according to the JH gene 
employed in the rearrangement. The sequences of the consensus primers and 
TaqMan probes have been published (Verhagen et al. 2000).
  
qASO-PCR was carried out in a SDS-5700 sequence detector (Applied Biosystems). 
500 ng of DNA was amplied in 25 l triplicate reactions using 300 nM of the consensus 
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JH germline and the individual ASO primer, 200 nM of TaqMan probe annealing to a 
downstream family specific JH region and TaqMan Universal Mastermix (ABI) with UNG 
(Applied Biosystems). Reaction conditions were 2 min 50 C followed by 10 min 95C 
followed by 50 cycles of 15 s 95C and 1 min 60 C. All PCR reactions were run in 
triplicate. For almost all of the patients the primers could be designed so that the above 
mentioned standard combined annealing-elongation temperature (60
o
 C) could be 
used.  For a few patients slight modifications were made to this temperature to 
increase specificity.
 
Fluorescence data were analyzed using the GeneAmp ® 5700 SDS Software version 
1.3 and its relative quantification procedure. For this purpose, the standard curve was 
constructed from each patient’s pre-treatment sample. A logarithmic ten-fold dilution 
series down to 0.001% dilution was prepared from it by diluting DNA isolated from 
bone marrow mononuclear cells of the pretreatment sample into the peripheral blood 
mononuclear cell DNA pool from 12 healthy donors. The percentage of tumor cells in 
the pretreatment sample was evaluated by microscopic examination of the bone 
marrow aspirate drawn at the same time as the sample for DNA isolation. This 
proportion of tumor cells was used as a correction factor for the relative quantification. 
The European Study Group guidelines (Van der Velden et al. 2007) were used to 
define an acceptable slope (-3.0 - -3.9) and correlation coefficient (>0.98) for the 
standard curves. To adjust the results to the quantity and quality of DNA, we used the 
albumin gene as a control gene in all quantitative PCR-analyses. The sequences of the 
forward and reverse primers for the albumin gene are 
TGAAACATACGTTCCCAAAGAGTTT and TTGATTTGTCTCTCCTTCTCAGAAAG, 
respectively and the sequence of the FAM-labelled and TAMRA-quenched TagMan 
probe is TGCTGAAACATTCACCTTCCATGCAGA. The guidelines of the European 
Study Group were used to define the specificity criteria and sensitivities for each of the 
ASO-primer sets and respective patients. The proportion of tumor cells in the 
pretreatment sample was included as a correction factor in these calculations. The 





4.4.4.2 IFE  
Semiautomated agarose IFE was performed with Hydrasys LC and Hydragel 4 IF 
immunofixation gels (Sebia, Evry, France) as instructed by the manufacturer. After 
automated electrophoretic separation, monospecific antisera (anti-IgG, anti-IgA, anti-
IgM, anti-kappa or anti-lambda and, if necessary, also anti-IgD or anti-IgE) were 
applied to the electrophoresis lanes for immunoprecipitation. The final step consisted 
of staining, destaining and drying in the staining compartment of the instrument. 
Monoclonal bands were detected by visual inspection of the stained gels. The system 
processes simultaneously four IFE samples. Serum samples were diluted 1:12 for the 
IgG lane, 1:6 for the kappa and lambda lanes and 1:3 for the other lanes. If necessary, 
the dilution was adapted according to the concentration of the paraprotein. Urinary 
paraprotein detection and characteriszation was performed with non-concentrated 
urine and Hydragel 4 Bence Jones gels (Sebia). All antibodies used for IFE were from 
Sebia. 
Patients and Methods 43 
4.5 Statistical analyses  
4.5.1 Studies I, II 
Clinical and laboratory data were analyzed using the statistical program package 
SPSS for Windows 11.5. In neither of the two studies I and II were there any 
statistically significant differences in the variables between the groups in terms of 
classification of the disease stage at diagnosis and response to treatment at 
mobilization. Because most of the variables were non-normally distributed, medians 
and ranges are used to describe the distribution of continuous data. Continuous and 
ordinal data were tested using the Mann-Whitney U-test and nominal data using the 
Χ
2
-test or Fisher's exact test, where appropriate. All tests were two sided at the 5% 
significance level. Multiple logistic regression analysis was used in study I to examine 
which of the covariates had independent predictive power of mobilization success. The 
following categorical explanatory variables were tested: previous use of IFN, 
occurrence of post-mobilization sepsis, CY dose used for mobilization, number of 
previous chemotherapy cycles (more than five or less than six) and number of previous 
chemotherapy regimens (more than one or one). The platelet and leukocyte count 
nadirs were used as continuous explanatory variables. These explanatory variables 
were chosen using a stepwise backward technique, with the probability for entry to the 
model being 0.05 and removal 0.10. Because of colinearity, the remaining covariates 
with statistically significant differences in univariate analyses were excluded from the 
model testing. The assumptions of multiple logistic regression analysis were checked 
and met.  
4.5.2 Study III 
The statistical program package SPSS for Windows 11.0 was used to analyze the data. 
The duration of overall OS was calculated for all patients from the first HDM to death. 
The duration of PFS was calculated for patients who had at least a minimal response 
from the date of the first HDM to date of progression. Kaplan-Meier curves for OS and 
PFS were plotted and compared with the use of the log-rank test. 
4.5.3 Study IV 
The clinical and laboratory data of the patients were analyzed using the statistical 
program package SPSS 15.0 for Windows. For estimating the survival rate for the PCR 
negative and PCR positive groups and for the IFE negative and positive groups, the 
Kaplan-Meier method was used. The requirements of survival analysis were met. The 
log rank test was used to compare the survival curves. OS and PFS were calculated 
from the date of the first transplant to death or progression, respectively. Relapse or 
progression were defined according to the EBMT criteria. 
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5. RESULTS 
5.1 Prediction of mobilization failure (I) 
The details of mobilization therapy of patients with successful and unsuccessful 
mobilization are shown in Table 2 (I). There were no statistically significant differences 
of the classifying variables between the groups (disease stage at diagnosis, response 
to treatment at mobilization). The treatment responses at mobilization of all patients 
were: 10% CR or VGPR in both mobilization groups, 54% PR (52% in successful and 
65% in unsuccessful group) and 36% stable or progressive disease (38% and 25%, 
respectively). 
The median peak blood CD34+ cell count (and ranges) in the group of unsuccessful 
mobilizations was 3.8 (0.0 – 20.0) x 10
6 
/l and in the successful group 110 (13.0 – 
705.0) x 10
6 
/l; the CD34+ count was less than 20 x 10
6 
/l in two patients with 
successful harvesting. After successful mobilization, a median of 9.8 (2.1 – 36.9) x 10
6
 
CD34+ cells/kg were collected with a median of 2 (1 – 5) aphereses, which were begun 
at a median of 9 (7 – 19) days after mobilization chemotherapy. Of the 20 patients with 
mobilization failure, 8 underwent unsuccessful attempts to harvest with 2 to 5 
additional cytaphereses.  
5.1.1 Predictive factors for successful CD34+ cell mobilization  
The patients characteristics and clinical data of patients who underwent successful 
and unsuccessful mobilization are shown in Table 1 (I) and the details of the 
mobilization therapy in Table 2 (I). The predictive premobilization factors that 
significantly differ between the successful and unsuccessful groups by univariate 
analyzes are previous use of IFN therapy (P<0.001) and the occurrence of post-
mobilization sepsis (P<0.001), which all had a negative impact on CD34+ cell 
mobilization. The distribution of MM types was different in the groups because of a 
higher proportion of light-chain disease in the group with successful mobilization 
(P<0.05). Otherwise there were no statistically significant differences regarding the 
classifying variables between the groups in terms of disease stage at diagnosis and 
response to treatment at mobilization. By univariate analyzes, the difference of MM 
type between the successful and unsuccessful groups was not significant.  The 
factors that had the statistically most significant negative predictive value for CD34+ 
cell mobilization were the number of chemotherapy cycles (P<0.001), number of 
previous chemotherapy regimens (P<0.001) and the time from diagnosis to 
mobilization (P<0.001). Patients with unsuccessful mobilization had a lower median 
leukocyte and platelet nadir than patients with successful mobilization (0.2 vs 1.4 x 
10 
9
/l and 17 vs 95 x 10
9
/l, P<0.001). The duration of leukocyte counts below 1.0 x 
10
9
/l and platelet counts below 20 x 10
9
/l were longer (P<0.001) among those whose 
mobilization did not succeed. The use of higher CY dose (higher than 3 – 4 g/m
2
) for 
mobilization had also a negative impact (P<0.001). When analyzing the use of IFN in 
the groups of successful and unsuccessful mobilization there were no differences in 
the median IFN administration time (10 and 12 months), or the median time interval 
from cessation of IFN therapy to mobilization (4 months for both groups).  
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By multiple logistic regression the occurrence of post-mobilization sepsis, number of 
chemotherapy regimens and platelet nadir proved to have sufficient independent 
explanatory power to remain in the final model. The previous use of IFN (p = 0.052) 
was almost of statistical significance, whereas the significance of the dose of CY was 
lost (Table 14).  
Table 14. Variables in multiple logistic regression analysis of independent predictive power with 
regard to failure of stem cell mobilization 
Variable P-value Odds ratio 95.0% CI for odds ratio 
No. of different 
chemotherapy >1 vs 1 
0.002  31.3 3.5 – 281.0  
Use of IFN 0.052 18.3 1.0 – 345.0  
Sepsis 0.040 10.1 1.1 – 92.9 
Platelet nadir (x 10
9 
/l) 0.02 
   
5.2 Comparison of short-acting and long-acting G-CSF as mobilizing 
agents in combination with chemotherapy in patients with 
lymphoproliferative diseases (II) 
5.2.1 Mobilization and leukapheresis outcomes 
Mobilization and leukapheresis data in the subgroups of patients with MM, lymphoma 
and CLL are shown in Table 2 (II). There was no difference in median time to 
leukapheresis onset between the PEGFIL and FIL groups (10 days in each group). On 
the day of the first leukapheresis, the median blood CD34+ cell count and leukocyte 
count seemed to be higher in the FIL group than in the PEGFIL group, but the 
differences were not statistically significant. There were no significant differences in the 
median CD34+ cell counts at onset of leukapheresis between the different disease 
entities. However, the CD34+ cell count in patients with MM tended to be higher after 




In the PEGFIL group, the median leukapheresis yield was 4.9  10
6
 CD34+ cells/kg 
and was collected at a median of 1 (range 1–3) leukaphereses. In the FIL group the 
corresponding figures were 8.5  10
6 
CD34+ cells/kg and 2 (1–4) aphereses cycles. 
The target yield of CD34+ cells was obtained in all patients because only successful 
mobilizations were included in the analyses. The majority of the patients (n=29) were 
treated with a PEGFIL dose of 12 mg. Due to the small number of patiens who 
received other doses (eight patients received 6 mg, one patient 18 mg) no meaningful 
comparison between the different dose levels is possible. However, there was a trend 
towards a higher CD34+ cell count when the leukaphereses were started in the 
PEGFIL 12 mg group when compared to the PEGFIL 6 mg group: median 74 (range 
24.5-804.5) and 29 (20-79)  10
6 
CD34+ cells/l (p= 0.015), respectively. The patients 
with mobilization failure, defined as a blood CD34+ cell count of less than 20 x 10
6 
cells/l and/or unsuccessful harvesting, were not included in this analysis. During the 
study period there were two patients who failed mobilization (5.3%) in the PEGFIL 
group (details given in Table 3 (II)). Between January 1996 and April 2005 there was a 
total of 251 patients who had been successfully mobilized with daily FIL and 18 
patients (7%) who had failed mobilization. The target yield of CD34+ cells was 
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obtained following one leukapheresis cycle in 20 of 38 (53%) patients in the PEGFIL 
group and in 27 of 76 (36%) patients in the FIL group. For patients with MM aged 
under 60 years (n=45), the aim was to collect sufficient stem cells for double 
transplantation (≥ 6 x 10
6
/ kg). This target were obtained in 9 (53%) and 16 (57%) MM 
patients in the PEGFIL and FIL groups, respectively.  
To conclude, PEGFIL and FIL combined with chemotherapy seem to be equally 
efficient mobilization agents.  
5.2.2 High-dose therapy and autografting 
As of December 2006, 32 of the 38 patients in the PEGFIL group and all 76 patients in 
the FIL group had received HDT followed by ASCT (Table 2; II). There was no 
significant difference in the infused CD34+ cell dose between these two groups. 
Engraftment was similar in both groups following transplantation with no significant 
differences in the recovery of blood counts. The median time to discharge from hospital 
after transplantation was 17 days in the PEGFIL group and 14 days in the FIL group 
(P=0.55). 
5.3 Comparison of single versus double ASCT (III) 
5.3.1 Feasibility of double ASCT 
HDT supported by a single or a double blood stem cell autograft was well tolerated as 
upfront treatment of patients with MM up to the age of 70 and 61 years, respectively. 
There was only one transplant-related death in the single transplant group (1%). As 
shown in Table 15, organ-specific toxicities were comparable between the first and 
second transplant procedure in the double ASCT group. The engraftment kinetics was 
similar after the first and second ASCT in the double ASCT group as well. 
Table 15. Engraftment kinetics and organ-specific toxicities among patients in double ASCT 
group who underwent a first and a second ASCT. 
 First ASCT Second ASCT 
Days to neutrophil count >1, days, median (range) 11 (10-16) 11 (10-16) 




Days from tx to home, median (range) 15 (12-25) 18 (12-38) 
Mucositis gr 0 / I / II / III 5 / 15/ 5 / 2 4 / 10 / 11 / 2 
Gastrointestinal toxicity 0/ I / II / III / IV 1 / 4 / 16 / 5/ 1 0 / 7 / 16 / 2/ 2  
a 
not available for one patient 
b  
not available for one patient and one patient`s platelets never reached 50 x 10
9
/l. 
5.3.2 Response rate 
After the initial debulking therapy there were no statistically significant differences 
between the single and double ASCT groups regarding overall response rates (CR, 
VGPR and PR) before the first HDT: 67% (CR and VGPR 18%) in the single and 59% 
(CR and VGPR 7%) in the double ASCT group. The rate of good responses increased 
with HDT (Table 16). Thus, the CR + VGPR rate increased from 18% to 72% and the 
CR rate from 4% to 41% in the single ASCT group. The respective figures in the 
double ASCT group were 7% to 70% (CR+VGPR) and 0% to 52% (CR). All patients in 
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the double autografting group responded to HDT, but there were 3 patients (4%) in the 
single ASCT group who did not. 
Table 16. Response rates before and after single and double ASCT. numbers and % in 
parenthesis where appropriate are given.  










CR   3  30 (41)  0  7  (26) 14  (52) 
VGPR 10  22 (30)  2   9  (34)  5  (18) 
PR 36 (49) 17 (23) 14 (52)  9  (34)  8  (30) 
SD 21 (29)  2    8 (30)  2    0 
PD  3    1    3    0  0 
TRM -  1   -  -   - 
5.3.3 PFS and OS 
The median follow-up for the alive patients from the time of the first transplant was 51 
(4 – 138) months in the single ASCT group and 46 (10-78) months in the double ASCT 
group. The PFS seemed to differ, but not significantly between the single and double 
ASCT groups: the median PFS was 29 (0 – 112) and 72+ (5 – 75) months, respectively 
(P=0.098, Figure 1). The OS between the two groups did not differ significantly 
(P=0.078) either, although there was a tendency towards longer survival in the double 
autograft group (Figure 1). The median survival was 60 (range 0 – 138) months in the 
single ASCT group and 78+ (range 10 – 78) months in the double ASCT group. In the 
analyses there were 40 patients who would have been candidates (age <61 years) for 
double autografting which was not for different reasons performed (see page 55). The 
median PFS and OS for this group of 40 patients is inferior to the outcomes of the 
double-autografted patients: the median PFS and OS was 25 (P=0.107) and 72 
months (P=0.193), respectively. 
The observed tendency toward improved PFS and OS with double autografting 
disappeared when the median follow-up was prolonged to 68 months (range 5-150 
months). All patients with newly diagnosed MM treated with HDT and ASCT in 1992-
2006 were included in the follow-up analysis. There were 155 autografted patients 
including also the patienst in study IV; 125 in the single and 30 in the double autograft 
group. As of the end of year 2007, PFS in the single and double autografted groups 




Figure 1 .  Median PFS and  OS in the single and double ASCT groups.   
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Figure 1. Median PFS and OS in the single and double ASCT groups.  
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Figure 2 .  Median PFS and  OS in the s ingle and double ASCT groups w ith a follow-up of 92 in 
single and 88 months in double  autografted group (Jaakkola et al, unpublished data) . 
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Figure 2. Median PFS and OS in the single and double ASCT groups with a follow-up of 92 in 
single and 88 months in double autografted group (Jaakkola et al, unpublished data). 
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5.4 MRD status after SCT, assessed by qASO-PCR (IV) 
5.4.1 PCR negativity after autologous and allogeneic SCT  
qASO-PCR was used to detect the MRD level 3 – 6 months after HDT and ASCT or 
alloSCT. The analyses were done for patients in CR/nCR and among these patients a 
patient-specific probe for qASO-PCR analysis as available for 37 patients. In our hands, 
this gives a success rate of 86% to make a patient-specific probe for patients with MM.  
In 21 patients (57%) of the 37 patients with CR/nCR after SCT the PCR transcript was 
not detectable 3 – 6 months after transplantation with a median sensitivity of the PCR 
assay of <0.002 % (range: <0.001 - 0.03%). There was a difference in achieving PCR 
negativity between autologus and allogeneic transplantation: after ASCT, 16 patients 
(53%) out of 30 transplanted patients were PCR negative (median sensitivity of PCR 
assay 0.005%; range: <0.001 - <0.03), whereas five out of seven allotransplanted 
patients (71%) were PCR negative (median sensitivity <0.016; range <0.006 - 0.03).  
5.4.2 Impact of MRD status on PFS and OS 
To evaluate the prognostic significance of the quantitative PCR result, a cut-off level of 
0.01% was chosen to divide the patients into MRD low/negative (sensitivity ≤ 0.01%) 
and MRD positive (>0.01%) groups. There were no significant differences in the main 
characteristics of the two groups (Table 1; IV). The median (and range) follow-up time 
for the alive patients was 48 (20-122) months, 65 (20-122) months for the MRD 
low/negative group and 39 (20-107) months for the MRD positive group, respectively. 
Seven patients died: three in the MRD low/negative (1 MM relapse) and four in the 
MRD positive group (all in MM relapse). The median PFS for the MRD low/negative 
(n=21) and MRD positive (n=16) groups was 70 (10 – 122) and 19 (4 – 85) months 
(P=0.003), respectively, and the median OS has not yet been reached (P=0.101; 
Figure 3).  













































Figure 3. Median PFS and OS for MRD low/negative (n=21) and MRD high (n=16) groups.  
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5.4.3 Serial qASO-PCR monitoring 
The predictive value of the MRD level is seen among the 24 patients for whom serial 
PCR measurements were made (Figure 2; IV). Persistent low/negative MRD (a cut-off 
level of 0.01%) was observed in 15 patients during the 10 to 122 months of follow-up 
and none of them had PD, whereas 11 out of 16 patients with persistent MRD positivity 
(follow-up 21 – 107 months) had PD. Intermittent low /negative MRD was observed in 
4 patients with follow-up times of 48 – 112 months and one has had PD.  
 5.4.4 qASO-PCR vs IFE in MRD assessment 
All 12 nCR patients (IFE positive by definition) were also MRD positive. In contrast, 
there were four patients (16%) who were IFE negative but MRD positive (Table 17). In 
these four patients, the disease relapsed at a median PFS of 22 (16 – 44) months. The 
median PFS for the IFE negative and IFE positive groups was 65 (10 – 122) and 19 (4 
– 85) months (P=0.041), respectively. The median OS has not been reached in these 
groups (P=0.92; Figure 4). 
Table 17. Distribution of IFE findings by MRD status assessed by qASO-PCR. IFE and qASO-
PCR were assessed at the same time 3-6 months after SCT. 
 IFE negative IFE positive 
 (Number of patients) (Number of patients) 
MRD low/ negative 21 0 
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Figure 4. Median PFS and OS for the IFE negative and IFE positive groups. IFE was 
determined at the time of the PCR assessment 3-6 months after SCT. 
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6. DISCUSSION  
6.1 Study population  
HDT and ASCT is currently a standard first-line therapy for patients with MM under 65 
– 70 years of age. The present series of studies is based on four retrospective studies 
of prospectively collected data (I-IV). The participitans in all studies were adult (the 
youngest patient 37 years old) Finnish MM patients treated at the Turku University 
Central Hospital according to current treatment guidelines. The patient cohort of the 
four studies forms a typical homogenous group of MM patients who are in need of first-
line therapy, i.e., cytoreductive initial therapy first, followed by stem cell mobilization 
and HDT + ASCT. 
6.2 Prediction of hematopoietic progenitor cell mobilization (I) 
Yields of hematopoietic stem cells vary greatly between patients and the optimal 
strategy to mobilize hematopoietic stem cells into peripheral blood to be collected with 
aphereses has not been fully defined. Current mobilization strategies consist of 
cytokines alone or in combination with chemotherapeutic agents. Mobilization with 
cytokines alone is well tolerated, but collection of sufficient numbers of stem cells to 
support transplantation may be difficult, especially in patients who have previously 
been treated with many intensive chemotherapy regimens (Haas et al. 1994). A 
significant proportion of cancer patients (10% to 30%) mobilize stem cells either poorly 
or not at all with the current approaches. Unsuccessful initial stem cell mobilization 
leads to costly additional mobilization attempts and may prohibit ASCT. Predicting the 
success of stem cell mobilization on beforehand would have important practical 
consequences. Studies on stem cell mobilization have often included heterogeneous 
groups of patients who have carried conflicting or unclear predictive factors.  
In Study I we defined mobilization success on the basis of the peak CD34+ cell count 
in the blood based on the fact that the blood CD34+ cell count predicts accurately the 
harvested CD34+ cell yield (Haas et al. 1994, Remes et al. 1997). If the CD34+ peak in 
blood after mobilization is below 20 x 10
6
/l there is a high risk that an insufficient 
number of CD34+ cells will be harvested. However, adequate stem cell harvesting may 
be possible also with lower CD34+ cell counts (10 – 20 x10
6
/l). The Nordic Stem Cell 
Laboratory Group has defined a blood CD34+ cell count of 20 x10
6
/l to be a proper cut 
off value for initiating leukaphereses and with few exceptions we have followed this 
guideline (Johnsen1995).  
Regarding the pre-mobilization factors that could predict the mobilization success we 
found that the parameters describing the amount of earlier treatment had the best 
predictive power, i.e. total number of chemotherapy cycles, total number of different 
chemotherapy regimens and disease duration from diagnosis to mobilization. In other 
words, the more treatment the patient has had, the poorer the CD34+ cell mobilization 
capacity will be. Previous studies have also demonstrated the negative impact of the 
amount of the earlier treatments on mobilization efficiency (Haas et al. 1994, Bensinger 
et al. 1995, Dreger et al. 1995, Koumakis et al. 1996, Engelhardt 1997). Previous 
exposure to cytostatic agents that are stem cell toxins, such as the alkylating agent 
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melphalan, may be especially detrimental (Goldschmidt et al. 1996, Koumakis et al. 
1996, Drake et al. 1997, Marit et al. 1998). With regard to the novel drugs, it is good to 
remember that use of lenalidomide seems to increase the risk to mobilization failure in 
MM patients (Kumar et al. 2007). The duration of treatment with stem cell toxin is also 
of importance (Tricot et al. 1995, Goldschmidt et al. 1996, Marit et al. 1998, Perea et al. 
200). It seems clear that the best stem cell yields can be obtained in an early treatment 
phase of MM. In our study 20 of 124 patients (16%) had an unsuccessful mobilization. 
During the earlier years we tried to mobilize several patients with advanced MM with a 
number of failures but later we moved on to use ASCT primarily for newly diagnosed 
patients and mobilization failures have become rare.  
Conflicting results have been published on other pre-mobilization factors predictive of 
stem cell mobilization efficiency, e.g., the time interval from the preceding 
chemotherapy before mobilization (Haas et al. 1994, Prince et al. 1996, Drake et al. 
1997, Engelhardt et al. 1997), previous TBI (Bensinger et al. 1994, Haas et al. 1994, 
Dreger et al. 1995, Drake et al. 1997, Engelhardt et al. 1997) and BM infiltration 
(Tarella et al. 1993, Demirer et al. 1996, Prince et al. 1996, Engelhardt et al. 1997). In 
contrast to some previous studies (Demirer et al. 1996, Ketterer et al. 1998) BM 
infiltration did not appear to be a significant predictor of mobilization in our study, which 
agrees with some other studies (Goldschmidt et al. 1997, Marit et al. 1998). This 
discrepancy may be related to the fact that plasma cell infiltration is not uniformly 
distributed in the BM of MM patients. In our study the distribution of MM types was 
different in the successful and unsuccessful groups because of a higher proportion of 
light-chain disease in the successful mobilization group (P>0.05). By univariate 
analyzes, the difference of MM type was not significant. In studies on stem cell 
mobilization the MM type has not been found to have significance, so in our study a 
higher proportion of light-chain disease in successful group seems to be a coincidence. 
Earlier observations suggest that mobilization failure is more common in patients with 
refractory disease (Goldschmidt et al. 1997) and that stem cells can be more readily 
collected from patients in CR or PR compared to patients with minimal or no response 
(Wahlin et al. 2004). Treatment response at mobilization did not have an impact on 
CD34+ cell yield in our study. Age and disease stage have sometimes been found to 
have a significant impact on CD34+ cell yield (Bensinger et al. 1994) but this was not 
the case in our analysis. The effect of previous TBI or the time from the preceding 
chemotherapy course could not be assessed in our patients. 
In a randomized study (Cunningham et al 1998) a beneficial impact of post-transplant 
IFN on EFS in patients with MM was demonstrated, but this finding could not be 
confirmed (Barlogie et al. 2006a) and IFN maintenance is not commonly used any 
more. Before this confirmation we used IFN maintenance as a reasonable option of 
maintenance therapy after conventional chemotherapy. Thus, we had a patient cohort 
with IFN maintenance before stem cell mobilization. Previous use of IFN turned out to 
be a negative predictive factor for stem cell mobilization. There were no differences 
between the two groups in the median exposure time to IFN, nor were there any 
difference in the time interval from the IFN use to mobilization. IFN may have some 
toxic effect on bone marrow stem cells, which would be in line with its depressing effect 
on bone marrow activity and blood counts in diseases like the chronic 
myeloproliferative diseases (Schaar et al. 2005). 
Among mobilization-related factors the mobilizing agents and their doses may be 
critical. CY plus G-CSF has been the most popular regimen for mobilization of bone 
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marrow stem cells into the peripheral blood circulation in patients with 
lymphoproliferative diseases. CY-based regimens have yielded high numbers of 
CD34+ cells (Kotasek et al. 1992, Demirer et al. 1996, Goldschimdt et al. 1997, Wahlin 
et al. 2004). In study I, the mobilization chemotherapy consisted of CY, the dose 
ranging from 3-4 g/m
2
 to 1.2-2.5 g/m
2
. There was a significant tendency towards poorer 
mobilization as the CY dose grew: 14 of 20 patients with unsuccessful mobilization 
received 3 – 4 g/m
2
 of CY. This stands in conflict with observations where CY doses up 
to 7 g/m
2
 have resulted in better progenitor cell yields (To et al. 1990, Kotasek et al. 
1992, Boiron et al. 1993, Goldschmidt et al. 1997) but agrees with the nationwide 
Finnish study (Jantunen et al. 2003) where low-dose CY (1.2 – 2 g/ m
2
) plus G-CSF 
was as effective as higher doses of CY (4 g/m
2 
) plus G-CSF in terms of adequate 
progenitor cell mobilization and was associated with less toxicity and less need for 
supportive care.  
A higher CY dose (from 3 to 4 g/m
2
) causes deeper and more prolonged cytopenias 
and an increased incidence of fever and infectious complications (To et al. 1990, 
Prince et al. 1996, Wahlin et al. 2004). In our patients the effect of higher CY doses 
together with higher number of previous chemotherapy cycles (above 5 cycles) may 
have contributed to the rate of postmobilization sepsis episodes, to lower leukocyte 
and platelet nadirs and to a longer duration of cytopenias. Of course, our analysis has 
limitations because of the small number of unsuccessfully mobilized patients. However, 
by multivariate analysis, the occurrence of sepsis and low platelet nadir remained 
independent predictive factors for mobilization failure but CY dose did not. Our finding 
of the negative influence of sepsis on mobilization capability agrees with a previous 
report regarding the confounding effect of infection at the time of leukaphereses on 
stem cell collections (Johnson et al. 1995). Conflicting results of the significance of low 
platelet and low white blood cell counts have been published (Corso et al. 2000, Perea 
et al. 2001, Kuittinen et al. 2004). The significance of the low platelet count after 
mobilization agrees, however, with the common clinical observation: when blood 
leukocytes have recovered from mobilization therapy but platelets not, mobilization 
failure often ensues. We found both the low platelet nadir and the duration of blood 
platelet count below 20 x 10
9
/l to be significant predictors of mobilization failure. 
Duration of deep neutropenia had a similar tendency. Prolonged platelet recovery to 50 
x 10
9
/l has been found to impact negatively on progenitor cell mobilization by others, as 
well (Clark and Brammer 1998). The finding of a negative impact of deep and 
prolonged leukopenia and thrombocytopenia and of sepsis on mobilization capacity 
support our policy to use lower CY doses for stem cell mobilization in MM. If the 
mobilization attempt is performed in an early disease phase, adequate cell yields can 
be obtained with lower CY doses, which have been found effective and well tolerated 
also by others (Boiron et al. 1993, Jantunen et al, 2003). When stem cell mobilization 
is attempted after a few initial courses of chemotherapy, mobilization failures are fairly 
rare but do occur. When taking into account the possible adverse risk factors, both pre-
mobilization factors and those caused by mobilization therapy itself, it is possible on 
beforehand to be ready to use maneurvers that increase the likelihood of mobilization 
success. One of the most effective of these is to add plerixafor to the mobilization 
regimen if mobilization failure seems to be the risk.  
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6.3 Short- vs long-acting G-CSF as mobilizing agent (II) 
FIL, a short-acting G-CSF product, has been the most frequently used cytokine for 
mobilization. A number of studies have attempted to determine the optimal dosing and 
frequency of FIL therapy for mobilization. The doses have varied between 5 and 16 
g/kg daily in one or two doses. However, higher doses were associated with 
increased toxicity and significant cost (Kröger et al. 2002b). The most common dose 
seems to be 5 g/kg once daily continuing each day until the end of leukaphereses.  
 PEGFIL is an immunostimulant which functions as a pegylated G-CSF. It results in a 
longer duration of action with effective increases in the absolute neutrophil count and 
peripheral blood progenitor cell level for at least 1 week and it has been used 
increasingly for mobilization. In a study of MM patients receiving 4 g/m
2
 of CY and 12 
mg of PEGFIL, prompt leukocyte recovery and peripheral blood CD34+ cell peak (at 
day +12 following CY) was seen and there was no delay in post-transplant 
hematopoietic reconstruction (Steidl et al. 2005). Using PEGFIL alone without 
chemotherapy for mobilization has also been successful in MM patients. A single dose 
of PEGFIL reduced the number of clinical visits and injections by substituting a single 
injection compared with daily FIL until completion of leukapheresis. The main finding in 
the case-matched study (II) was that a single dose of PEGFIL (6 – 12 mg) as an 
adjunct to cytotoxic chemotherapy was capable of mobilizing a sufficient number of 
CD34+ cells for successful autografting in patients with different lymphoproliferative 
malignancies and its mobilization capacity was comparable to that of FIL. The rate of 
successful harvesting (n=38) following chemotherapy plus PEGFIL mobilization has 
been 95%; there have been 2 faílures. The corresponding historical failure rate with 
FIL mobilization was 7%. However, it is not possible to draw any conclusions about the 
possible differences in failure rates because our study was neither prospective nor 
randomized.  
Stem cell collection could be begun on day +10 in both PEGFIL and FIL groups. The 
time period was different for mobilization with PEGFIL (2005 – 2006) and FIL (1995 – 
2005) and this might have impact on the results. However, the mobilization protocols 
have remained essentially the same during all these years for the majority of our 
patients. Most variation in both groups has occurred in the choice of mobilization 
chemotherapy for patients with lymphoma where different disease-specific 
chemotherapies have been used over the years. In addition, leukapheresis devices 
and collection procedures have been changed (collection volume, target of harvested 
cell numbers). This is a major limitation for making reliable comparisons on harvesting 
outcomes between the PEGFIL and FIL groups, but does not influence our main 
endpoint of the study, enumeration of blood CD34+ cells after mobilization at 
leukapheresis start.  
In some studies there has been a tendency towards lower peak CD34+ cell counts in 
blood after PEGFIL mobilization when compared to FIL mobilization (Steidl et al. 2005, 
Fruehauf et al. 2007), but this is not the case in all studies (Bruns et al. 2006).  After 
mobilization with PEGFIL it has been possible to start doing leukapheresis two to three 
days earlier than with FIL (Steidl et al. 2005, Fruehauf et al. 2007). In a number of 
previous studies of stem cell mobilization, a faster leukocyte recovery and an earlier 
occurrence of blood CD34+ peak has been found in PEGFIL treated patients 
compared with patients receiving FIL (Steidl et al. 2005, Bruns et al. 2006, Fruehauf et 
al. 2007). This difference was not seen in our study. In accordance with other previous 
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studies (Steidl et al. 2005), the median blood CD34+ cell count 10 days after 
mobilization chemotherapy and the observed CD34+ cell peak count tended to be 
lower in the PEGFIL group than the FIL group, but this difference was not statistically 
significant. We did not, however, study stem cell kinetics: for practical reasons, the 
stem cells were collected and the patients discharged from hospital as quickly as 
possible. Thus, we may have missed the real peak value of blood CD34+ cells in some 
patients. Nor did we record for how long blood CD34 cell levels persisted above the 
collection threshold. In some earlier trials with PEGFIL, the impression has been that 
high levels of blood CD34+ cells are maintained over a period of several days (Isidori 
et al. 2005, Nosari et al. 2006) which allows a longer time window for stem cell 
collection. 
Leukapheresis was started slightly earlier in our patients than has been reported in 
other studies. We could begin the leukapheresis on the same day +10 in both the 
PEGFIL and FIL groups whereas a delay of two to three days has been reported for 
FIL by others (Bruns et al. 2006, Fruehauf et al. 2007). In patients with lymphoma, the 
median start day of the leukaphereses was on day +12, compared to 11 – 14 days in 
the literature (Isidori et al. 2005, Nosari et al. 2006). These small differences in the time 
when to start leukaphereses for stem cell collection may be explained by differences in 
the timing of growth factor administration, which has varied from 1 to 6 days after start 
of chemotherapy in other studies (Isidori et al. 2005, Steidl et al. 2005, Bruns et al. 
2006, Nosari et al. 2006, Fruehauf et al. 2007).  
The optimal dose of PEGFIL for mobilization is unknown. In patients with 
chemotherapy-induced neutropenia, however, a single PEGFIL dose of 6 mg once per 
cycle has been shown to be as effective as multiple daily doses of FIL 5 µg/kg (Holmes 
et al. 2002, Green et al. 2003). In studies on mobilization with PEGFIL, a single dose 
has varied between 6 mg (Isidori et al. 2005, Kroschinsky et al. 2006, Nosari et al. 
2006) and 12 mg ( Steidl et al. 2005, Tricot et al. 2008). Our data suggest that 6 mg of 
PEGFIL is highly effective and more cost-effective for mobilizing CD34+ cells than FIL. 
PEGFIL is well tolerated and has an adverse event profile similar to FIL (Beveridge et 
al. 2003, Kubista et al. 2003, Kroschinsky et al.2004): bone pain and headache are the 
main side effects.  
Plerixafor, a newcomer in the mobilization field, is a strong inducer of mobilization of 
hematopoietic stem cells from the bone marrow to the blood. In studies of patients with 
MM and lymphoma, more CD 34+ cells were mobilized after administration of plerixafor 
plus G-CSF than after G-CSF alone: the median increase in cell yield was 3.0 – 4.4 
fold (Flomenberg et al. 2005, Calandra et al. 2008). 
Although chemomobilization is widely used, no strategy can yet be considered as 
standard. For patients with MM who are candidates for ASCT and who have not 
received initial therapy with lenalidomide, mobilization with G-CSF alone is often 
sufficient for a single ASCT but may not be enough for a double (tandem) ASCT. In 
spite of a failed mobilization with the first attempt a second try may be successful. In 
the future, advances in effective mobilization of stem cells will permit a greater 
proportion of patients to benefit from ASCT.  
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6.4 Double vs single ASCT (III) 
The superiority of ASCT over conventional chemotherapy has been shown in 
randomized studies: ASCT has resulted in increased response rates and prolongation 
of EFS and OS (Attal et al. 1996, Child et al. 2003, van de Velde et al. 2007). The most 
apparent reason for improvements in the treatment outcome is the increased CR rate 
made possible by HDT. CR is a rare event after conventional chemotherapy but not 
with HDT. The increased CR rate is the single most significant factor for improved EFS 
and OS compared to conventional chemotherapy (Harousseau et al. 1995, Attal et al. 
1996, Child et al 2003 ). At the time when CR criteria did not include immunofixation 
negativity the CR rate varied from 22% to 75% (Attal et. al 1992, Cunningham et al. 
1994, Björkstrand et al. 1995, Harousseau et al. 1995) and when they did, from 14% to 
26% (Attal et al. 1996, Weaver et al. 1998, Barlogie et al. 1999, Lemoli et al. 2000). 
The CR rates after double autografting and including immunofixation negativity have 
varied from 30% to 55% (Vesole et al. 1996, Weaver et al. 1998, Barlogie et al. 1999, 
Lemoli et al. 2000, Harousseau 2002). Our observations agree with these figures: in 
the double ASCT group the CR rate after the first ASCT was 26 % and increased to 
52% after second ASCT.  
In addition to response to HDT there are also other significant factors contributing to an 
improved treatment outcome after HDT, such as a lower beta-2-microglobulin level 
(Barlogie et al. 1993, Fermand et al. 1993, Vesole et al. 1996), short time between 
chemotherapy and HDT (Barlogie et al. 1993, Vesole et al. 1996, Fermand et al. 1998), 
and younger age (Vesole et al. 1996, Harousseau and Attal 2003). On the other hand, 
an unfavorable karyotype carries an especially poor prognosis (Barlogie at al. 1999, 
Desikan et al. 2000). MM patients in the most favourable prognostic group (52% rate of 
five-year continuous CR) have the following characteristics: no chromosome 13 
abnormalities, low beta-2-microglobulin concentration in the serum (<2.5 mg/L) and 
short standard chemotherapy period before HDT (<12 months; Desikan et al. 2000). 
One quarter of these patients have an EFS for more than 5 years and no further 
relapses after 7 years, suggestive even possible cure for these patients. A 
subpopulation of patients with a combination of the most favorable prognostic factors 
may be cured with double HDT and autografting (Tricot et al. 2002). 
Double ASCT can produce better long-term outcomes than single ASCT, at least in 
patients who have not reached CR or VGPR after the first autografting (Attal et al. 
2003). The authors of the IFM 94 trial suggest that the difference in projected survival 
between signle and tandem ASCT does not correlate with improved response rates but 
rather with a longer duration of responses. This may explain why differences in survival 
are not apparent with shorter follow-up times in other randomized studies of tandem 
ASCT. In our study, the PFS differed between single and tandem ASCT, but not 
significantly, at the time of our first analysis when we had a median follow-up of 4 years, 
but at the time of our second analysis at a median follow-up time of 5.7 years, the 
small difference in PFS had disappeared and the median PFS was identical for the 
single and double autografted groups. The observed tendency towards longer survival 
in the double ASCT group had also decreased with our longer follow-up time. These 
findings highlight the need for sufficiently long follow-up times in diseases like MM 
characterized by late relapses.  
Today it seems reasonable to consider tandem ASCT for patients who do not have at 
least VGPR after the first ASCT. It may be advantageous to collect enough stem cells 
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to allow patients under 65 years to undergo two transplantations: the second ASCT 
may be needed either for tandem ASCT or to treat a later relapse.  
6.5 Depth of CR in MM (IV) 
Achievement of CR as a surrogate of prolonged survival can be regarded as the target 
of initial therapy for MM, whenever possible. For this purpose HDT with autografting is 
superior to conventional therapy and double autografting may further improve the CR 
rate (Weaver et al. 1998, Barlogie et al. 1999, Harousseau 2003) and long-term 
outcome. Clinical remission is usually not sufficient to ensure permanent cure and 
remission also at a deeper level should be achieved. Molecular remissions are 
possible with single or double autografting (Björkstrand et al. 1996, Martinelli et al. 
2000) but more often with allogeneic transplantation (Majolino et al. 1998, Corradini et 
al. 1999). Allogeneic stem cell transplantation has, until recently, been regarded as the 
only treatment that gives MM patients a chance for cure (Björkstrand et al. 1996). 
However, the median OS at 7 years and DFS at 6 years for CR patients are 
comparable for patients treated with either double autotransplantation (Tricot et al. 
2002) or allotransplantation (Gahrton et al. 1999), suggesting that double autografting 
may also have curative potential in patients with favorable prognostic signs. 
Allografting may be superior for younger patients with an unfavorable prognosis. While 
a graft-versus-myeloma effect has been shown to exist in myeloma (Tricot et al. 1996, 
Verdonck et al. 1996), it remains to be seen if autografting followed by RIC-allografting 
improves the treatment outcome for patients with unfavorable prognostic signs.  
Sets of patients with equally good CR rates on conventional chemotherapy as on HDT 
and ASCT have experienced similar long-term EFS and OS (Barlogie et al. 2006). Not 
only the achievement of CR but sustainability of CR for at least three years have 
emerged as a new surrogate marker for long-term clinical outcome for high-risk 
patients (Barlogie et al. 2008). At present, a new suggestion is that achievement of CR 
(or nCR) should be the target of first-line therapy in MM. With the introduction of novel 
drugs (thalidomide, bortezomib and lenalidomide) and drug combinations, achievement 
of CR in myeloma with first-line therapy has become a reality, only seldom seen in the 
era of conventional treatments. Even higher remission rates after ASCT have been 
recorded when CR has been achieved with the novel drugs used for the initial 
treatment of MM preceding ASCT (Attal and Harousseau. 2007, Bensinger et al. 2008). 
The depth of the response, i.e., assessment of MRD also with qASO-PCR, may play 
an important role in future for comparing the efficacy of different treatment options.  
There are, nevertheless, several studies according to which an increased CR rate has 
not resulted in extended survival (Dingli et al. 2007, Durie 2010). CR is a good 
measure of the short-term efficacy of a given therapy and often a useful surrogate for 
survival as well. It must be kept in mind, however, that many patients live a long life 
with chronic MM without achievement of CR. Thus, the general aim of therapy should 
be prolongation of survival (Durie 2010). For patients for whom achieving CR is a 
surrogate for prolonged survival the depth of response may be critical: the less the 
patient has residual disease, the longer the survival may be. 
The new drugs, mainly thalidomide, lenalidomide and bortezomib, as well as the 
increased experience with allo-RIC will compel the MM community to rethink the role of 
Discussion 61 
ASCT. It is not known if patients achieving CR on conventional therapy ultimately 
benefit from ASCT.  
6.5.1 Use of qASO-PCR for MRD assessment 
MRD monitoring can be used in different clinical situations, including monitoring of the 
depth of good responses to therapy, sequential monitoring to predict relapse and 
assessment of the purity of stem cell harvests after manipulation (Bacher et al. 2008). 
In this study the main focus was on monitoring the depth of response and on 
evaluation of the MRD level to examine the impact of MRD on the prognosis of the 
patient. The main finding was that among the CR/nCR patients the molecular 
remission rate measured with the sensitive qASO-PCR was lower after ASCT (53%) 
than after alloSCT (71%). Secondly, a threshold level of 0.01% in the qASO-PCR 
assay was found to be a useful cut-off limit for dividing patients into MRD low/negative 
(< 0.01%) and MRD positive (>0.01%) groups, since the long-term outcome of these 
groups differed. MRD negativity by PCR after stem cell transplantation was found to be 
a significant predictive factor for prolonged PFS; it was also associated with prolonged 
OS, but not statistically significantly. The median PFS in the MRD low/negative and 
MRD positive groups was 70 and 19 months, respectively (P=0.003); the median OS 
has not been reached (P=0.10). This finding is consistent with the assumption that not 
only CR but also the depth of the CR are important predictors of the morbidity and 
mortality of MM patients.  
Most of the studies thus far on the use of PCR to assess MRD in MM has had a small 
number of patients and only qualitative or non-qASO-PCR techniques have been used. 
The few available previous study results on the molecular responses assessed with 
non-qASO- PCR techniques after ASCT and alloSCT are in agreement with our results. 
Thus, molecular remission rates between 7 and 16% after ASCT and 50 to 70% after 
alloSCT have been reported in series of 13 to 14 patients (Davies et al. 2001, 
Rasmussen et al. 2004), but in two patient series of single or tandem ASCT, molecular 
remissions were not found in any patient when assessed with a most sensitive qASO-
PCR assay (Corradini et al. 1999, Bakkus et al. 2004). Already early studies reported 
that molecular remissions are important for survival: the relapse-free survival after 
alloSCTwas 110 months among patients with molecular remission and only 35 months 
if molecular remission had not been attained (P<0.005; Rasmussen et al. 2004). 
Bakkus et al (2004) measured tumor load with a quantitative ASO-PCR in a larger 
series of 67 patients at 3 – 6 months after ASCT and reported a prognostically useful 
cut-off value of 0.015% to divide patients into good and bad prognosis groups; the 
median PFS was 64 months and 16 months, respectively (P=0.001). Moreover, an 
important finding in their study was that quantitative PCR may define a patient with CR 
as having a poor prognosis and a patient with PR as having a good prognosis, and this 
implies that the classical measure of disease activity, the amount of paraprotein, is not 
an accurate measure of the remaining tumor load post ASCT. With the cut-off value of 
0.01% in our study we could also divide the patients into two prognostically differing 
groups with significant difference in PFS and tentatively also in OS. The Spanish 
PETHEMA group also used an MRD threshold of 0.01% and defined two risk groups 
with significantly different PFS (34 vs 15 months) (Rawstron et al. 2008).  The 
preliminary results by the Arkansas group demonstrate a high molecular rate (82%) in 
22 patients who achieved CR with their total therapies and the patients with a 
molecular CR had also a significant prolongation in time to progression (Tricot 2007). 
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These results have raised suggestions that the traditional definition of CR is not 
sufficient and that molecular CR should be the new goal for MM therapy. However, it is 
clear that neither does molecular remission guarantee that patient will be free from 
relapse, much less that he is cured (Van de Velde et al. 2007).  
Quantitative ASO-PCR offers a possibility for sequential monitoring of MRD and 
treatment tailoring. Usually, molecular remission is achieved within 3 – 6 months after 
transplantation, but it can take more than one year posttransplant, especially after 
allografting where the graft-versus-myeloma effect may take time (Rasmussen et al. 
2004, Bacher et al 2008). 
 
A 2-log reduction in clonogenic cells in the bone marrow has 
been recorded between an active disease phase and the best response posttransplant. 
A rise in the number of myeloma cells by PCR quantification predicts relapse (Cavo et 
al. 2000, Corradini et al. 2002).
 
In the allogenic setting, serial molecular measurements 
of the state of the bone marrow of 48 patients showed that the 5-year risk of relapse 
was 0% if there was durable PCR negativity, 33% if there was intermittent PCR 
negativity and 100% if PCR was positive with regard to myeloma cells (Corradini et al. 
(2003).  
Quantitative molecular follow-up can also be used to tailor posttransplant 
immunological interventions after allogeneic SCT (Cremer et al. 2000, Cavo et al. 2000, 
Martinelli et al. 2000). The main focus in our study was the predictive value of the 
immediate posttransplant qASO-PCR result and serial PCR assessments were done 
only for a little more than half of the patients. Thus, no solid conclusions about the 
usefulness of serial measurements can be done but, there was a tendency towards a 
lower progression rate if PCR negativity persisted. qASO-PCR has also been used to 
detect tumor cell contamination in stem cell harvests; harvests from peripheral blood 
are less contaminated than from bone marrow (Ladetto et al. 2002, Zhou et al. 2003). 
The sensitivity of detection of MRD by PCR techniques has improved along with 
technical improvements. The process has developed from qualitative PCR to semi-
quantitative ASO-PCR and, finally, to the most sensitive quantitative real-time ASO-




(Blade et al. 1998, 
Verhagen et al. 2000, Bacher et al. 2008). The amount of clonogenic myeloma cells 
differs significantly between paired samples from peripheral blood and bone marrow: 
the number is, understandably, much lower in peripheral blood and the tumor load 
detected by qASO-PCR can vary over a range of 3 logs (Corradini et al. 2002). For 
MRD studies bone marrow samples are clearly to be preferred. In our study, real-time 
quantification of the clone-specific IgH rearrangement was performed on DNA samples 
using individual allele-specific oligonucleotide primers designed for each patient to 
match the hypervariable CDR3 region of the sequenced IgH-gene. This technique 
allows us to perform the PCR test in most patients with B-cell malignancies with a 
limited number of probes. Even if technically demanding and time consuming, the 
advantages of real-time qPCR are high accuracy, reproducibility and reduced work 





normal cells, the cut-off level of 0.01 to 0.015% can be regarded as an 
appropriate threshold for PCR negativity vs positivity, as used by others, as well 
(Bakkus et al. 2004, Rawstron et al. 2008). A disadvantage of the quantitative ASO-
PCR technique in MM is that it is usually possible to construct patient-specific probes 
to only 60-80% of the patients (Verhagen et al. 2000, Ladetto et al. 2002, Bakkus et al. 
2004, Rawstron et al. 2008). In the present series, the figure was 86%. Another 
apparent drawback of the technique is that, due to the patchy infiltration of myeloma 
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cells in the bone marrow, a single bone marrow aspirate for MRD analysis may give a 
false negative result (Verhagen et al. 2000, Bacher et al. 2008). The considerable 
patient-specific variation of the PCR assays must be borne in mind.  
6.5.2 Comparison between PCR and IFE 
The traditional methods for assessing the response to myeloma treatment are protein 
electrophoresis and IFE (Bacher et al. 2008). In the post-ASCT setting it has been 
shown that the patients in CR defined by a negative IFE have a highly significant EFS 
and OS benefit at 5 years compared to patients whose electrophoretic result is 
negative but the IFE result is positive (Zent et al. 1998).
 
Interpretation of electrophoretic 
strips may, however, be difficult because of the new oligoclonal bands or isotype 
switch which are fairly common after HDT (Zent et al. 1998, Fenk et al. 2004). 
Quantitative PCR evaluates the number of myeloma cells while IFE gives an 
estimation of the amount of paraprotein. This is the probable cause for the higher 
predictive value of qASO-PCR compared to IFE. While Bakkus et al. (2004) reported a 
significant difference in PFS between the good and poor prognosis groups based on 
qASO-PCR results, they found no such a difference between patients who achieved a 
CR based on IFE and those who did not. Achieving CR was not an independent risk 
factor in their study, which suggests that estimation of number of viable myeloma cells 
with qPCR is a better way to evaluate the response than paraprotein quantification. IFE 
negativity (which equals CR by EBMT criteria) results in better long-term outcome than 
IFE positivity (Guikema et al. 1999, Lahuerta et al. 2000). Lahuerta et al (2000) 
analysed retrospectively 344 MM patients treated with HDM + ASCT. The outcome of 
patients who were in CR and IFE was also negative was significantly better than those 
patients who were in CR, but IFE was positive (median EFS 46 versus 30 months, 
P=0.004 and median OS not reached compared with 56 months, P=0.0006, 
respectively). In the present study qASO-PCR was a more sensitive method than IFE 
for detecting MRD. Although the median PFS differed significantly (65 and 19 months, 
respectively; P=0.041) between IFE negative and IFE positive patients, the difference 
was not as clear as between the PCR negative and PCR positive patients (P=0.003).  
6.5.3 Comparison between PCR and flow cytometry 
In addition to PCR, immunophenotyping with flow cytometry is another sensitive tool to 
assess MRD in MM. The myeloma-specific cell surface antigen pattern offers an 
efficient method to quantify low levels of myeloma cells with a maximum sensitivity of 
10
-4
 (Rawstron et al. 1997, Davies et al. 2001, Bataille et al. 2006, Bacher et al. 2008) 
As the flow cytometry technology has developed, 8-color flow cytometry has been 
introduced and similar sensitivity levels as for ASO-PCR can be reached (Paiva et al. 
2008). The immunophenotype of myeloma cells changes in the majority of patients 
during therapies and down-regulation of aberrantly expressed antigens may jeopardize 
MRD detection by flow cytometry. To avoid misinterpretations a wide panel of 
monoclonal antibodies must be used (Gupta et al. 2009). Some of the advantages of 
flow cytometry include high speed which makes it suitable for routine use and its wide 
applicability to nearly 100% of MM patients.  
In the present study, we did not compare the assessment of MRD with qASO-PCR and 
flow cytometry, but some comparative studies have been published by others: qASO-
PCR has been more sensitive, but, in general, MRD levels detected by both methods 
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have correlated strongly (Rawstron et al. 1997, Rawstron et al. 2008). In the 
PETHEMA Group study, an MRD threshold of 0.01% (10
-4 
) was used and two risk 
groups with differing PFS could be identified by using either PCR or flow cytometry 
(Rawstron et al. 2008). The two risk groups were nearly identical regardless of which 
technique was used. In a Spanish study, the MRD status at day 100 after ASCT 
measured with multiparameter flow cytomety was the most reliable prognostic factor: 
PFS and OS were significantly longer if there was no MRD (Paiva et al. 2008).  
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7. SUMMARY AND CONCLUSIONS 
High-dose therapy supported by ASCT is the current standard of care for first-line 
treatment of patients with newly diagnosed MM. The median survival time of patients 
with MM has increased from 3 – 4 years with conventional chemotherapy to the current 
expected survival of 5 – 6 years. With optimal use of novel drugs – thalidomide, 
lenalidomide and bortezomib – this outcome may still improve. Regardless of the 
position of ASCT as the standard of care of MM, there are many unresolved issues 
with the current treatment. These include prediction of failure of stem cell mobilization, 
use of short vs long acting G-CSF, administration of high-dose therapy once vs twice 
and the possible importance of obtaining not only a clinical or immunophenotypic 
remission with ASCT but a high-quality remission without MRD. These were the topics 
of the present studies. The studies were retrospective but the data were prospectively 
collected for later analyses. 
7.1 The predictive factors of stem cell mobilization failure 
Stem cell mobilization is a prerequisite for HDT plus ASCT. Successful mobilization is 
much more common in newly diagnosed MM than in lymphomas and CLL, where 
ASCT is not a part of front-line therapy and the patients have typically received 
significantly more treatments before mobilization. However, some 5% to 10% of 
patients with newly diagnosed MM are mobilization failures. A reliable prediction of 
mobilization failure would be of great help for identifying before hand those patients in 
need of more efficient mobilization methods and for avoiding the costs of re-
mobilization attempts. One of the most recent possibilities to increase the likelihood of 
successful mobilization in the poor-to-mobilize subjects is the use of plerixafor, a new 
drug in this field.  
In study I we we searched for predictive factors of mobilization failures in patients with 
early disease and patients with late-stage disease. We identified some factors 
associated with poor mobilization before mobilization (amount of earlier chemotherapy 
and previous use of interferon maintenance therapy) and during mobilization (nadir of 
thrombocytopenia, duration of thrombocytopenia and sepsis at onset of mobilization). 
The presence of these factors, together with some other factors presented in literature, 
can be used for selecting patients for more efficient mobilization attempts. According to 
the literature some other factors are associated with poor mobilization, like previous 
mobilization failure, a short time from the preceding chemotherapy before mobilization, 
febrile neutropenia and prolonged platelet recovery.We also identified previous use of 
IFN as a negative predictive factor, but since IFN is no longer used for maintenance 
treatment in MM, this novel observation is more of academic than clinical interest. 
7.2 Short-acting or long acting G-CSF for mobilization?  
Short-acting G-CSF (filgrastim; FIL) has been the standard agent for mobilization of 
autologous stem cells in MM and other diseases alone or combined with chemotherapy. 
It is used as subcutaneous injections usually once daily. From the patient’s point of 
view, the new long-acting pegylated derivative of filgrastim (PEGFIL) offers a 
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convenient and practical way for mobilization. It is administered as one subcutaneous 
injection. The single dose varies from 6 to 12 mg.  
Our study comparing PEGFIL and FIL was a case-controlled study: for every PEGFIL 
treated patient there were two control cases from our data base. Study subjects had 
different lymphoproliferative diseases, i.e. MM, lymphomas and CLL. The main finding 
was that PEGFIL was an equally good mobilizing agent as FIL for all 
lymphoproliferative diseases, including MM. This result is in agreement with previous 
studies and has changed our mobilization therapy policy. We have moved to 
administration of PEGFIL as a single dose after chemotherapy since year 2007. This is 
very practical for the ward staff and easy for the patients. 
7.3 Double or single ASCT? 
The literature does not identify studies to answer unequivocally the question of whether 
two successive ASCTs with HDM conditioning as up-front therapy for patients with MM 
are an appropriate treatment or not. The French 94 IFM Study has the longest follow-
up and an OS benefit was documented for patients with a worse response than VGPR 
to the first autograft. A similar finding was reported by the Italian Study Group.  
Our study (III) was a retrospective survey where patients with double transplantation 
were compared with those receiving a single transplantation. There are some 
significant limitations to this study. First, it was not randomized but rather an 
observational retrospective study. However, an observational study serves as a clinical 
quality assessment of treatment strategies used for our patients and the study reflects 
also the results of everyday patient care. There is, of course, a selection bias when we 
choose patients for double autografting. The patients must not have serious 
comorbidities or a poor performance status. Also, the treatment periods do not overlap, 
and the use of historical controls may suffer from renewals in minor changes of 
treatment policies.  
Our analysis with a roughly 4-year follow-up time of alive patients, however, 
demonstrated a clear-cut tendency towards prolonged PFS and OS for those patients 
who had received double autografting. When the follow-up time had doubled from that 
in the original publication (III), the survival curves joined. This highlights the importance 
of a sufficiently long follow-up time for diseases that may relapse late and have median 
survival figures of 5 – 10 years or even more. A common drawback of the trials of MM 
treatment is the short follow-up, too short to show the ultimate outcome of the patinets. 
On the basis of our own analysis and other studies in literature we have abandoned 
our earlier policy where we performed a double transplantation for all eligible patients 
below the age of 60 years and moved to a policy where a tandem transplantation up-
front is performed only for the patients with a worse response than CR or nCR to the 
first transplant. 
7.4 Importance of depth of complete response after stem cell 
transplantation 
CR is a rarity after conventional chemotherapy. Only after introduction of HDT 
supported by stem cell transplantation has the rate of CR increased substantially. It is 
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well known that CR is a common finding after allogeneic transplantation and this 
treatment modality is the only curative treatment option in MM available currently. A 
CR rate up to 50% is possible with ASCT or with combinations of the novel MM drugs. 
In studies on HDM and ASCT the importance of CR for the long-term outcome has 
been clearly demonstrated and CR has been set as a new target for MM treatment. 
There are some studies suggesting that a more appropriate target would be a deeper 
CR, i.e. CR without MDR. The most sensitive method to assess MRD is quantitative 
patient-specific PCR (qASO-PCR). We used this method to study the depth of 
response in our transplanted patients (after either ASCT or alloSCT) who were in CR 
or nCR (IFE positive) according to EBMT criteria after ASCT. First, we observed a 
higher rate of MRD negativity after allogeneic SCT than after autologous SCT. Second, 
we demonstrated a significant long-term outcome benefit for the patients who did not 
have MRD compared to those who had MRD. This finding together with other similar 
reports in the literature supports the importance of assessing MRD of CR patients at 
least for research but also in situations where early intervention to combat MRD is 
feasible, e.g., donor lymphocyte infusions after alloSCT.  
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